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SUMMARY 
A planned development of the electricity supply system in the 
Maltese Islands is presented. The purpose of this project was to 
develop techniques for electricity supply system planning and design 
and to apply these techniques to a study of the development of the 
Maltese electricity supply system. 
The rapid economic growth and improved living standards during 
recent years have imposed increasingly onerous demands on.the system. 
The supply network as it currently exists and which has been developed 
piecemeal over the years is barely adequate to cope with the output from 
the generating station. problems associated with circuit overloading, 
excessive voltage drops and high energy losses have also been identified. 
The capacity, layout and reliability of the system all need to be 
reinforced and improved. The proposed development plan is intended to 
cater for load demand conditions expected within the next decade. 
A study of techniques adopted in power system planning was conducted. 
However, due to the particular structure of the Maltese system and 
special local needs, these.techniques needed modification and alternatives 
were developed to suit the situation in Malta. This led to a specific 
planning philosophy and strategy to prepare and integrate short, medium 
and long term development plans. 
Before dealing with the future situation, salient problems inherent 
in the existing system were identified by analysing the most up-to-date 
loading information available. This necessitated a study of power 
system modelling techniques·, the compilation of parametric data for the 
existing system and the development of relevant models for load flow and 
fault level analysis. Computer programmes were purposely developed as 
an aid to system performance analysis. It was also necessary to forecast 
the annual peak load demands within the plan periods and est1mate the 
geographical distribution of these demands. A study of load forecasting 
methodology was therefore conducted in order to identify suitable 
techniques or their modified versions applicable to the Maltese situation. 
A scenario approach to forecasting future load was adopted to cater for 
uncertainties. 
Finally, proposals for short, medium and long term development plans 
were formulated and tested. 
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CHAPTER 1 
INTRODUCTION 
1.1 Characteristics and Function of an Electrical Power System 
An electrical power system is a complex network of conductors and 
associated equipment over which energy is transferred from the generating 
stations to the consumer. A typical power system contains a large 
number of nodes interconnected by transformers, reactors and transmission 
lines. At these nodes active and reactive power is injected by 
generators or absorbed by loads. A power supply system may be divided 
into three sub-systems comprising generation, transmission and 
distribution. 
In comparison with other systems making up the service infrastructure 
of a country, such as communications, water, gas and sewage, electrical 
power systems are the most expensive as regards both construction and 
operation. Interruptions or suspensions of an electrical supply system 
can create serious disruptions to the modern way of life, leading to 
grave repercussions for both industrial and domestic consumers. At 
the same time the supply authority will incur a loss of revenue due to 
a reduction in energy sales and a loss of public confidence. 
The essential function of a power supply system is to generate 
energy economically and to transfer this energy to consumers with 
maximum reliability and efficiency over the transmission and distribution 
network1 • Thus in addition to being able to supply the maximum load 
demanded by consumers, the system must also be capable of being operated 
at the minimum possible cost consistent with a satisfactory level of 
reliability and standard of supply and with due consideration to 
flexibility, safety and amenity. Minimisation of atmospheric pollution 
and other ecological disturbances must also be given serious attention. 
As regards reliability of supply the essential criterion to be 
satisfied is that if a set of specified contingencies were to arise, the 
system should be capable of surviving a disturbance both immediately 
after the occurrence and later when the initial transients have subsided. 
As far as the standard of supply is concerned, the essential performance 
feature is tbat the transmission and distribution network should be 
capable of transferring active and reactive power between the generating 
station and loads so that both frequency and load voltages are contained 
within specified narrow limits. 
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Unlike gas or water, electricity cannot be stored in anything but 
small quantities and the supply authority has very limited control over 
the load at any time unless some sophisticated load management techniques 
can be implemented. These techniques are still being developed. This 
implies that the supply authority must endeavour to maintain a balance 
between the generation output and consumer demand. Because of the 
fluctuating nature of loads the difficulty of this task becomes apparent, 
although the variation of load does exhibit certain daily, monthly and 
yearly repetitions. 
The design and operation of a power system taking into account the 
instantaneous ability to meet both present and anticipated future load 
demands, supply security, and overall economy is thus a complex problem. 
This is further complicated by constraints imposed by the need to find 
adequate capital investment and by both national and international 
limitations on energy resources. Thus planning the effective development 
and consequent expansion of the system becomes essential. 
1.2 The Need for Planning the Development of Electrical Power systems. 
Planning as a discipline in its own right may be defined as a 
future-oriented problem-solving process. The planning .Process and 
perhaps the idea as regards its need has been described by Friedman2 , 
as "primarily a way of thinking about social and economic problems. 
Planning is oriented predominantly towards< the future, is deeply concerned 
with the relation of goals to collective decisions and strives for 
comprehensiveness in policy and program. Wherever these modes of thought 
are applied there is a presumption that planning is being done." 
The process of planning has been going on throughout history and 
the need for planning could perhaps be attributed to one of the most 
basic drives of society, that is, the struggle for survival. The 
increase in planning activity during the last century, especially on 
a national basis, has resulted from the evolution of society from one 
in which free enterprise was dominant, to one where State intervention 
has, to varying degrees, become acceptable. Matters relating to the 
development of the national infrastructure such as town and country 
planning, housing, water, electricity, gas and sewage, have often been 
incorporated into a single comprehensive socio-economic development plan. 
History has also demonstrated that the interaction between the private 
sector function and market forces has often created situations, such as 
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monopoly and economic instability, to a degree which could become 
intolerable to the nation. Such situations can only be improved by 
3-5 means of the control mechanism of planning • 
In the energy sector, of which electricity supply is one of the 
main components, the available resources and their distribution are 
usually trusted to public sector industries or parastatal corporations. 
However, if these public sectors are to sustain their obligations towards 
the nation, they must ensure adequate and secure supplies of the commodity 
and provide it to consumers at the lowest possible cost6 • In the 
case of electricity, the approach adopted differs in some respects 
from that of other industries because of certain extra constraints. 
With electricity, it is very difficult and will continue to be so in 
future, to store the surplus or to make good shortfalls in supply. 
These constraints could, in favourable circumstances, be partially 
overcome by import and export of power between one country and another 
through suitable interconnections. The use of pumped storage schemes7 
or the implementation of sophisticated load management techniques8 , 
all of which are expensive and create additional problems, may also 
help. It should also be noted that there is very little possibility 
of correcting instantaneous imbalances in demand by interchanging 
with other energy forms. 
Thus, if the above problems are to be minimised and Supply Authorities 
are to meet their obligations towards consumers in an efficient and 
effective manner, the heed for planned development of the electrical 
power system becomes abundantly clear. 
A comprehensive development plan for an electrical power system 
should incorporate: 
1. A broad and realistic appraisal of future demand. 
2. Proposals which offer good prospects of meeting the anticipated 
demand economically whilst assuring security and flexibility 
of supply and an adequate return for the capital invested. 
3. A consideration of general public expenditure and other 
social and economic factors. 
Because of the many future uncertainties which are inevitable there 
will also be a need for continued reviews and revisions to take account 
of changing circumstances. Also, since interaction between supply 
and demand is affected by price, then any pricing policy included in 
these plans, and their revisions, should ensure that energy is priced 
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realistically. Artificially low prices encourage consumers to use 
energy wastefully and provide no incentives for consumers to invest in 
efficiency. However, if prices are too high, consumers, especially 
the poorer ones, would suffer needlessly, whilst the Supply Authority 
may be encouraged to invest the extra revenue accrued in unnecessary 
new capacity. Good planning may well be the key to formulating and 
maintaining a realistic pricing policy, reflected through equitable 
tariffs4• 
1.3 A Survey of Some Techniques Adopted in Power System Planning 
1.3.1 Introduction 
The techniques adopted for planning the development of electrical 
power systems are many and varied. The objective of this Section is 
to study some of those techniques which are currently in use. The most 
appropriate of these will be later adopted, in some cases with 
modifications, in order to formulate a philosophy and strategy as a 
basis for planning the development of the electricity supply system in 
the Maltese Islands. This is considered in Chapter 3. 
Irrespective of which planning technique is adopted, the end 
result should be that of proposing a reliable and efficient system 
which can be constructed and operated at minimum possible cost and 
which would be sufficiently flexible to cope with the anticipated future 
load demand. Philosophies and strategies of planning vary from one 
country or power system to another. This is necessary because of wide 
variations in size, geography, population, past historical events, levels 
of economic and industrial activity and the existence or lack of 
indigenous energy resources. 
An important milestone in the evolution of planning strategies 
was the energy. crisis of 1973-4. Electricity planning was 
forced into the framework of both national and world energy 
thereafter 
9-12 
scenes 
The process of planning power systems must now also take into account 
such factors as: the development of national and world energy resources; 
likely growth rates in energy and demand and the effect on fuel price=; 
balances between supply and demand and the sources of energy available. 
The crucial consideration is the availability of non-renewable energy 
sources; coal, oil, gas and nuclear 
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1.3.2 The Planning Process 
The planning process may be visualised as a closed cycle of 
events. This concept appears common to practically all planning 
techniques being currently adopted. A typical closed cycle power 
. 13-U 
system plann~ng process proposed by Berrie , first requires the 
likely backdrops of national and world energy scenes to be established. 
The planning cycle is shown in Fig. 1.1 and is developed by considering 
four aspects. 
1. Planning Objective: to supply the electricity as required in 
so far as constraints on the economy, the power supply utility and the 
consumer will allow. 
2. Planning Means: to meet the planning objectives with a minimum-
cost power system development programme over the time allowable and 
with a satisfactory economic return. 
3. Planning Constraints: Financing plan, financial targets, pricing 
policies and institutional policies. 
4. Monitoring and Control: to ensure that the planning objectives 
are achieved. 
Such a planning cycle is a closed loop process because if the 
planning objectives are not met, then either these objectives are 
unrealistic and hence must be altered, or a better planning means or 
procedure must be developed. Thus the planning process goes round the 
loop from 1 to 4 continuously and clockwise. During this planning 
process the economic appraisals associated with the aspect of planning 
means (aspect 2T must.be translated from economic terms back into 
money terms in order to check the financial constraints imposed on the 
power system utility as indicated in aspect 3. 
Forecasting of the electricity demand within the planning period 
is at the heart of power system planning. It is important that a 
reasonably precise quantification of electricity demand for each year, 
preferably at least ten years ahead, is obtained. The planning process 
can, if so required be extended beyond the first.ten years, say, in five 
year steps, perhaps to the end of a thirty year planning period. 
Whatever forecasting methodology is used, it is important that the 
demand forecast be consistent with ensuring as far as possible that 
the electrical loads being supplied are those which are economical to 
supply. 
-6-. 
Planning Objective 
To supply the elect-
ricity as required in 
so far as constraints 
r------1 on the economy, the 
power supply uti I ity 
and the cc;msumer will 
allow 
Monitoring and Control 
To ensure that the 
planning objectives are 
achieved 
4 
1 
Planning constraints 
Financing of plans 
financial targets 
pricing policies 
institutional 
3 
Planning Means 
To meet the planning 
objectives with a 
minimum-cost power 
system development 
programme over the 
time allowable and 
with the good 
economic return 
2 
Fig 1.1 Closed-cycle power system planning process representation. 
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1.3.3 Objectives of Power System Planning 
The main technical objectives of power system planning are to 
predict future plant requirements such that 
1. The cost of generation, transmission and distribution will be a 
minimum. 
2. The standard of supply in terms of continuity and stability of 
voltage··and frequency would be within declared values. 
3. System reinforcements and extensions can be carried out without 
unduly endangering the standard of supply. 
4. The voltage and current ratings of the proposed plant would 
provide reasonable flexibility in operation, and the design adopted 
would also cater for credible fault conditions and maintenance in 
addition to normal operating conditions. Thus the system would 
be capable of being operated such that the capacity of the plant 
including acceptable overloads will not be exceeded. 
In addition to the above objectives consideration must also be 
given to the maintenance of proper standards in the preparation of 
final detailed design as well as to close observation of safety rules 
in order to ensure the safety of both operating and maintenance staff. 
1.3.4 A Survey of Past and Current Approaches Adopted in Power 
System Planning 
There are wide variations in size, complexity, and topology of 
power systems in different countries. It is therefore reasonable to 
expect that approaches to the planning problems and the methodology 
adopted would also have varied to suit local needs and circumstances. 
The objective in this section is to survey and comment on some of the 
well documented approaches to planning·which have been adopted by other 
workers. 
In earlier times, and especially in small developing countries, 
electricity planning techniques were based on empirical methods, simple 
extrapolation of historical trends, and the experience of the planners. 
However the rapid growth in electricity demand, and the corresponding 
increase in power system size and complexity coupled with the world 
energy crisis have forced a marked change in approaches to planning. 
The availability of digital computers has made the new approaches 
possible. 
The traditional approach to power system planning involved an 
•" 
._ . ~~ 
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analysis of past demand and a prediction of future trends for electrical 
15 
and other sources of energy in the country in question This was 
sometimes accompanied by an additional analysis of world energy supply 
and dema~d15 • By planning future energy needs in terms of available 
individual energy sources, a series of major investment projects were 
designed with, the aim of optimizing the energy mix. A programme of 
financing based on domestic and international resources was then 
usually proposed. To analyse both supply and demand a macro-economic 
approach was generally adopted. However some kind of sectorial 
breakdown; depending on the information and means available to obtain 
it, was generally made in order to refine the analysis. In considering 
demand almost every study began by emphasizing the close relationship 
of consumption of electricity (and other energy sources! to economic 
development as represented by trends in the gross domestic product 
(GDP) 16 • Essentially the same basic analytical approach was adopted 
in order to correlate both international and domestic consumption with 
corresponding economic variables. Because both the economic and the 
electricity demand variables developed significantly with time, it 
was argued (and generally taken for grantedl, that a close, rigid and 
automatic relationship represented by the classical exponential model 
17 
of constant product elasticity, did in fact, exist. However, 
extensive use of this model indicated that such an elasticity was not 
constant, due to the different stages in the development process of 
the economic system. 
An improvement in the demand model was later proposed in order to 
18 
avoid the effects of variations in product elasticity Although 
this model was also exponential, it introduced time as the explanatory 
variable. The new approach enabled the relationship between economic 
development and electricity consumption to be interpreted more accurately 
since, because of the time variable, it automatically recognised the 
influence of factors other than level of economic activity. A further 
development of the model related the variations in the product elasticity 
of energy consumption directly to the growth rate of the gross 
product and indirectly to aspects of the economic system under 
domestic 
19 
analysis 
These aspects included variations in the framework of production, 
technological development level and variation in the structure of energy 
supply. 
Following the determination and breakdown by sector of total 
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electrical and other fuel demands, a series of investment programmes 
was designed for each of the main fuel sources. This was usually 
based on the realisation of large-scale projects aimed at the exploitation 
of local resources covering any deficiency between supply and demand 
by imports (usually oil), from the world market. Prior to the 1973-4 
energy crisis, the petroleum market was generally regarded as almost 
a source without limits for any individual country, especially those 
developing countries having no indigenous fuel resources (such as Malta}. 
As well as being abundant, petroleum and its products were still 
relatively cheap and more readily available from stable international 
markets. 
The main criticism often applied to the methodology which adopted 
the models discussed above is that these models are too generalised 
and often do not realistically represent the two significant variables, 
20 
namely economic development and electrical energy consumption • Also 
the energy consumption variable has often failed to reflect the needs 
of the socio-economic system accurately since, 
1. rt excluded non-commercial energy sources which might have 
constituted an important part of the total energy system 
particularly in developing countries. 
2. The gross domestic product variable may not have always been the 
most appropriate indicator of economic development, especially 
when such development was not conceived in terms of a 
materialistic viewpoint but in human terms. 
3. The gross domestic product excluded any socio-economic activity 
not reflected in monetary markets. rn the case of developing 
countries such activity is an important one. 
4. The models tended to neglect the impact of prices on demand. 
Although this approach was·generally acceptable prior to the 
energy crisis, it has since become invalid. 
5. Independent analysis of supply made for each energy source left 
little room for substitution processes. The resulting programmes 
were often designed to satisfy one and the same market. 
There. has also been a tendency for current planning schemes to be 
21 highly centralised and usually technocratic • These schemes are 
often dominated by a set of energy models developed by economists who 
are highly familiar with modern centralised energy systems, such as 
electricity supply, but do not give proper consideration to the needs 
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and interest of the final users of the energy. Such a need may vary 
from one country to another. Therefore models developed for one 
country may not be suitable for adoption in another, not only because 
of the different size, topology and demography, but also because of 
different social conditions. The planning philosophy and strategy 
adopted in developing the electricity supply system in one country must 
therefore reflect the particular local needs. 
The above approach to power system planning is mostly concerned 
with an appraisal of one particular group of energy models representing 
electrical energy demand and other energy components in terms of economic 
activity which may itself constitute part of the output of a national 
econometric model. This type of model and its variations have been 
extensively used in electrical power system planning in, for example 
22 23 the·USA and the~. Other types of energy models have also been 
. 24 
adopted and have been reviewed and classified by Hoffman and Wood • 
These include 
25 1. Optimizing models concerned with fuel allocation within the 
2. 
3. 
4. 
economy as a whole, or within individual sectors. 
26 Industry models that involve the relationship between supply 
and demand for electricity or other fuels. 
27 Sectoral demand models that aim to project energy demand 
potential, in particular economic sectors such as housing, 
industry and transport. 
28 Energy system models that provide an integrated picture of 
supply and demand for all energy sources. 
The traditional approach to power system planning is one based on 
methods of forecasting system load demand by extrapolation of trends 
in maximum demand as a function of time (monthly or annual peak load 
demandsJ 29 • This method utilises data obtained from past system 
loadings and corresponding meteorological conditions. The problems 
associated with the approach become apparent when new factors affecting 
system growth come into play. This approach is explored further in 
Chapter 6. Generally, the approach utilising the energy/economic model 
is suitable for the long term situation whilst that based on extrapolation 
is rather more useful for intermediate term planning and better still 
for short term and operational planning needs, especially where on-line 
computer control of power system plant is provided. 
A further interesting and useful approach in which electricity 
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demand is estimated in terms of gross domestic product, extrapolation 
of trend, ambient temperature and load factor has been proposed by 
30 Towill • The method gives a good degree of accuracy but the useful 
prediction time span is limited to three years. 
When planning electricity supply systems on the basis of the 
above load prediction methods and energy models it must be recognised 
that these models are controlled partly by supply availability 
assumptions, and partly by economic growth assumptions. There is an 
interaction between the two since some aspects of electricity supply 
are driven by demand and this depends on economic growth. Furthermore, 
forecasts of electricity demand cannot be accurate especially if made 
for more than about three to five years ahead. At best they can 
indicate probable trends. Electricity forecasting and planning, 
especially after the 1973-4 energy crisis has proved to be particularly 
difficult due to the unexpected rapid rises in oil prices and world 
recession. Nevertheless it is essential to respond to the likely 
trends since the lead times of developing new resources are reasonably 
long. OWing to the uncertainty of long-term load forecasting it is 
sensible to approach the planning problem by considering a set of 
scenarios or credible future situations. The alternative solutions 
proposed must then be sufficiently flexible to meet changing circumstances. 
A reasonable approach would be to propose a number of promising but 
open-ended long-term options but with firm decisions made for the short 
term; 
1.3.5 System Planning and Design Methodology 
The detailed planning methodology associated with the future 
expansion of power ·systems will vary according to local circumstances. 
The objective in this section is to identify those salient features 
which appear to be most commonly adopted in planning the reinforcement, 
expansion and development of conventional power systems irrespective 
of size. It is recognised that standards of supply such as frequency 
and voltage levels for any particular. system are characteristics of 
the historical development of that system. 
The first stage in planning is to estimate the future generating 
capacity requirement. This is achieved by forecasting peak load 
demand for each future winter (or peak season) up to the last planning 
year utilising the most appropriate of the load forecasting methods referred 
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to in the previous section. This is usually followed by an economic 
appraisal in terms of investment analysis of credible alternative 
methods of providing generating plant to meet the forecasted demand, 
taking into account the need for the provision of reserve capacity. 
This leads to the selection of that development sequence which gives 
the lowest present value of total costs as summated over the economic 
life of the plant proposed. All costs (capital and running) are 
usually expressed in economic terms and include only relative inflation, 
typically, between capital and fuel costs. 
In estimating the capacity required it must be ensured that the 
total is at least equal to the forecasted peak demand if supply security 
is to be maintained. In practice, and depending on the discrete capacity 
of the largest generating set, the total capacity will exceed the 
31 forecasted peak load demand by a 10-30 percent margin (known as the 
capacity margin}, this also depending on the size of the constituent 
power stations and interconnections. The main reasons for this are: 
1. To cover unforeseen breakdowns of generating plant. 
2. To cover for variations in peak demand due to unusually severe 
weather.conditions. 
3. To enable planned maintenance of generating plant during the peak 
period to be carried out in the event that such mainteannce cannot 
be scheduled outside the peak load demand period. 
4. To allow for errors made in forecasting peak demand. 
The factors affecting variations in peak demand and available 
plant capacity are of a statistical nature. This implies that it is 
not possible to guarantee that full demand will be met. Evaluation 
of the necessary capacity margin over demand is usually based on a 
statistical argument, where the probability of failure to meet all 
32 demand, or likely extent of such failure, is adopted as a criterion 
Providing a generating capacity margin will also involve additional 
expenses. These costs must however be balanced against the risk and 
consequence of power cuts. Interconnection between power stations 
enables a reduction of generating capacity margin without increasing 
the risk of loss of supply. The total installed capacity less the 
capacity of the largest generating unit is known as the Firm Generating 
Capacity and is usually adopted as a criterion when assessing the level 
of supply security. 
Having met the generating plant capacity requirement, the next 
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step involves the planning of the transmission and distribution system 
reinforcement and development. This includes the following procedures. 
1. Assembling the parametric data for the particular power system 
as it exists including plans near to implementation. 
2. Developing the appropriate models to be used in the investigation 
of system performance, i.e. load flow and fault level MVA analysis, 
utilising a digital computer as necessary • 
. 3. Analysing present system performance using the latest peak readings 
of regional loads in order to identify existing and potential 
problems such as circuit overloading and excessive voltage drops. 
4. Apportioning the predicted annual total peak load demand on a 
regional basis. 
5. Formulating a set of proposals to meet the expected conditions 
under both normal and credible outage situations. 
6. Evaluating the technical performance of the proposed modifications 
in order to assess their suitability and possibly to suggest 
further improvements. 
7. Comparing the technical performance of the modifications. 
B. Assessing the total costs (including both capital and operating 
components} of the acceptable solutions. 
9. Recommending the best possible solution. 
The above techniques and procedures have certain inherent 
characteristics. 
1. As more studies are made the probability of attaining the 
theoretically optimal solution is increased. 
2. The quality of the solution will be only limited by the time 
available to make the study and the accuracy of data. 
3. Planning studies, each involving different aspects, are often 
carried out by different groups at different times and the need 
for co-ordination· cannot be ove.remphasised. 
4. Some errors in the data compiled are·unavoidable although some of 
these errors may become apparent and corrected when the data is 
analysed. 
The planning stages outlined above may vary in complexity and 
significance depending on the size and type of power system being 
considered. Furthermore, the planning programme is usually made up 
of a series of interrelated units in the form of short, intermediate 
and long term plans which are periodically revised to meet changing· 
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circumstances. Local conditions, any special requirements and the 
historical evolution of the system structure will exert a strong 
influence on both the philosophy and strategy adopted. 
Almost all the planning methodologies surveyed above concern 
very large systems (for example those found in the USA, UK and Europe). 
Even in the case of developing countries these have generally included 
nations like India, African or South American states which are much 
bigger as compared with the Maltese Islands. The previous work has 
therefore generally been concerned with large stiff systems or 
systems with a small number of loads. In the case of Malta there 
are specific requirements which have to be met within the framework 
of any future development plan. 
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CHAPTER 2 
EVOLUTION OF THE ELECTRICITY SUPPLY SYSTEM IN MALTA 
2.1 Introduction 
The formulation of future development plans for a particular 
power system are extensively influenced by its historical evolution 
which in turn depends on past events, circumstances and decisions. The 
objective in this chapter is to conduct a study of the evolution of the 
electr~city supply system in the Maltese Islands and to note the factors 
which have contributed to the state at which the system presently 
exists, or for which plans have already been accepted. This will also 
serve as a genenal appraisal of the salient problems associated with 
the present system, in particular those which are not necessarily of a 
purely technical nature. For a full understanding it is helpful to 
first present a perspective of the background against which the Maltese 
Electricity Supply System has evolved. 
2.2 Relevant Background 
2.2.1 Geographical and Physical Features 
34-36 The Maltese Islands depicted in Fig.2.1, consist of Malta, 
Gozo, Comino and two very small uninhabited islands situated near each 
other.and geographically located near the middle of the Mediterranean 
Sea as shown in Fig.2.2. Malta is the main island. Gozo, the second 
largest island, lies at a distance of 6·.4 km to the north:..west of Malta 
with Comino lying between the two. The islands are located 93 km south 
of Sicily and 290 km from North Africa, at a latitude of 35 degrees 
north and a longitude of 14 degrees east. The climate is warm with dry 
hot summers and mild moist winters. Sea breezes cool the islands in 
summer whilst the sun 
for November-April is 
offsets the winter chill. The average temperature 
0 0 14.1 c and 23 c for May-October. The lowest 
temperatures occur in January and February. The average minimum 
0 0 temperature is 9.4 C and the average maximum is 30.6 c. The lowest 
mean monthly sea temperature is 14.5°C and the highest is 25.6°C. The 
average daily sunshine period for winter is 6.5 hours and for summer 
10.1 hours. Rain falls only for very short periods averaging approximately 
578 mm per annum. 
The island of Malta has an area of 246 km2 and is made up of a 
low plateau which descends gradually from the south-west to a plain in 
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the south-eastern part. The longest distance in Malta from the south-
east to the north-west is about 27 km and the widest is 14 km in an 
east-west direction. The island of Gozo has a length of 14 km, a 
width of 7 km and an area of 67 km2 • The island of Comino has an 
area of approximately 3 km2 • The combined area of Malta, Gozo and 
Comino is 316 km2• There are no mountains or rivers in the Maltese 
Islands and the landscape is characterised by a series of low hills with 
terraced fields on the slopes. The coastline of Malta is highly 
indented with harbours, bays, creeks, sandy beaches and rocky coves. 
The length of the shoreline of Malta is 137 km whilst that of Gozo is 
43 km. An indication of land utilisation in the Maltese Islands is 
given in Fig.2.3. 
In 1983 the Maltese population37 stood at 329,189 corresponding to 
a density of 1040 persons per square kilometre, as compared with, for 
2 2 
example, 328/km in England and Wales and 300/km in the Isle of Wight. 
2.2.2 Main Historical Events and Stages of Economic Development 
For centuries Malta assumed the role of an island-fortress because 
of its strategic location in the Mediterranean28 • In 1802 the islands 
passed under British rule and in 1827 Malta became the headquarters of 
the British Mediterranean Fleet. With the opening of the Suez Canal 
in 1869, traffic greatly increased through the Mediterranean and Malta 
became a keypoint in military communications. The naval dockyard 
started to become the main source of the island's economy. During the 
two world wars Malta played an important role as a base for military 
operations in the Mediterranean and activity and expansion of dockyard 
facilities increased accordingly, including an underground electricity 
generating station. The Maltese economy had now become dependent to 
a large extent on employment in naval and military establishments and 
commercial activities connected with servicing the naval fleet, military 
installations, and shipping movements. This altered the Maltese 
economic structure which traditionally was based on trading, cotton 
growing and agriculture. 
A salient feature of the Maltese economy during the centuries was 
the heavy dependence of the island on inflow of capital from abroad 
which traditionally sustained the economy of the island. Without the 
existence of any natural resources and industrial capacity, this reliance 
on overseas capital to balance growing import requirements was inevitable. 
During the British presence foreign exchange earnings came mainly from 
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expenditure by the British Forces in the form of local purchases and 
wages and salaries paid to Maltese employees. After the second world 
war military expenditure was supplemented by direct financi'al contributions 
in the form of payments for recurrent services, extraordinary works and 
grants for capital works and restoration of war damage to rebuild the 
island after the war. This enabled the implementation of a public 
works programme in a number of sectors. 
With the eventual reduction in levels of military activity and 
spending·during the fifties and early sixties, a development programme 
was launched to diversify the economic structure from one based on 
gains accrued from military-oriented economic activities to one based 
on manufacturing, ship-repair and ship-building, tourism and agriculture. 
The effect of this was to develop industrial production, increase 
employment and improve living standards. In 1959 the naval dockyard 
began its conversion to commercial ship repair operations. In March 1979 
all military installations were closed down. 
39-44 Since 1959 five development plans have been launched The 
main objective of these plans was to develop infrastructural facilities 
in line with the island's industrialization and to stimulate the tourist 
industry and agriculture. However the onset of the 1973-4 world 
economic crisis and the recession that has followed during the last ten 
years have adversely affected the Maltese economy which is deeply 
influenced by the behaviour of the world economy in general and by that 
of Western Europe in particular. The extreme openness of the Maltese 
economy is clearly underlined by the heavy dependence on overseas trade, 
both to procure growing import requirements as well as to export locally 
manufactured goods. This also applies to the tourist industry. The 
economy has been characterised by lack of natural resources, severe 
limitations imposed by the small size of the domestic market, lack of 
indigenous technological capacity and heavy dependence on investment 
from overseas sources. 
44 Recent forecasts have indicated that difficulties on the economic 
front are expected to persist and this is bound to affect adversely the 
Maltese economy in the years ahead when the development of Malta will 
remain strongly bound to the evolution of the world economy. 
2.2.3 The Energy Situation in Malta 
The energy system in Malta· has always been dependent on imports 
HOLIDAY RESORTS 
SMALL VILLAGES 
AGRICULTURE 
AN~ SMALL INDUSTRY 
VICTORIA •• 
C 0 M I N 0 
e Existing or proposed industrial estates 
Fig 2. 3 land Utilisation area in Malta 
M A l T A • RABAT 
• SMALL VILLAGES, AGRICULTURE 
AND SMALL INDUSTRY 
10123~5 
"'" 
KIWMETRES 
LUQA 
AIRPORT 
• 
MARSAXLDKK 
NEW PORT 
I 
.. 
c 
I 
-21-
of fuel supplies and the uncertainties which are expected to dominate 
the world energy situation in the future are bound to influence the local 
energy scene. Maltese economic growth in the years to come will certainly 
be linked to the availability of regular fuel supplies (oil and coal). 
The possibility of finding oil and gas in the sea zones surrounding the 
islands does exist and could become a future reality. However, 
although an exploration programme in offshore areas is presently being 
implemented, it is considered unrealistic to assume that local energy 
needs can be met by indigenous resources within the next few years, 
even if the discovery is commercially viable. Solar energy which is 
certainly abundant in Malta, has recently begun to be exploited on a 
small scale, mainly in solar domestic water applications, and research 
into solar energy applications is also being undertaken with the aim 
of sUbstituting this for other fuels. 
Investigations carried out in 1976 led to consideration of a 
promising concept involving an integrated system of wind energy converters, 
44 
and a sea water pumped storage scheme However the implementation 
of this project remains dependent on the ability of the Maltese Government 
to secure the necessary finance from overseas sources since the economic 
viability of the project is doubtful. 
It is also relevant to comment briefly on the feasibility of 
utilising nuclear energy in Malta. In general, nuclear power stations 
are characterised by high capital costs, large minimum economic size of 
plant and a high degree of technical complexity. Facilities are 
required for fuel enrichment, storage and reprocessing waste disposal 
and the maintenance of a high degree of safety against reactor accidents 
and environmental pollution. In the very long term and in the absence 
of fossil fuels, this may offer the best or perhaps the only, hope of 
meeting the energy demand in Malta. However, only a few individual 
countries are capable of undertaking such activities on their own, let 
alone Malta with its highly limited financial and. economic resources. 
The tight control on the export of nuclear technology by developed 
countries coupled with the specialised manpower needs and the problems 
associated with nuclear fuel imports and transport will be prohibitive 
for small development countries like Malta. There would also be 
political and social problems in addition to the techno-economic 
difficulties envisaged. A project of this dimension could perhaps be 
realised only through international co-operation involving the assitance 
of one or more of the developed countries. 
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Finally, the question of energy management and conservation must 
be taken into account. The demand for energy in Malta is very. inelastic, 
that is, it appears largely independent of reasonable variations in price, 
One of the main objectives of a sound energy policy is to realise all 
· possible savings in energy consumption through encouragement of energy 
management and other practical energy saving processes and schemes, 
including continuous campaigns for consumer education. It may also 
become necessary to implement drastic energy saving measures through 
tighter import control of household appliances and vehicles which are 
relatively heavy energy consumers. Periodic adjustments of fuel 
prices and electricity tariffs will endeavour to encourage energy 
savings and minimize waste without suppressing the basic needs of 
industrial, commercial and domestic consumers. 
major government intervention. 
Such a process demands 
2.3 Historical Evolution of the Electricity Supply System 
Up to about ten years after the end of the second world war, the 
use of electricity in the Maltese Islands was mainly limited to street 
and domestic lighting. The first power station. erected around 1887 
consisted of a small coal-fired plant, located near the centre, Valletta 
rn 1920 the generating capacity was side of the Grand Harbour. 
recorded as being 950 kw45 
had been increased to 2 MW. 
By about 1933 the generating capacity 
Both the station and supply network were 
admi?istered by the Malta Government Water and Electricity Department. 
The extent of the transmission and distribution network was limited to 
the Grand Harbour a~ea including the capital city Valletta and a few 
surrounding districts. The transmission voltage was 2000V single-phase 
whilst the low voltage distribution and supply to consumers was provided 
at 200V, single-phase lOO Hz. Until the immediate post war years, the 
system capacity was considered adequate to meet all the Maltese 
electricity demand. A small diesel generating station was also erected 
on the island of Gozo, and served the small town of Victoria. 
In addition, another station, the Corradino Underground Power 
Station, was ·operated by the British Forces on the other side of the 
Grand Harbour. This station consisted of six 750 kW diesel-generating 
sets and supplied a separate transmission and distribution system which 
fed the Naval Dockyard and other British Forces establishments. 
station was under British Forces control. 
Thls 
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When the Maltese national economy became diversified in the late 
fifties, to one based on industrial production, tourism and agriculture, 
a need was created for an adequate supply of electricity to meet the 
increased demand. As a result prominence was given to electricity in 
the national development plans that followed. Electricity had become 
established as one of the main foundations of the Maltese infrastructure 
and the lifeline of industrial expansion and consequent economic growth. 
In October 1950, a contract was signed between the Maltese 
Government and Westinghouse International Company for the supply of a 
generating plant and auxiliaries. On the 5th December 1953 the new 
oil-fired Underground Marsa Power Station (designated as 'A' Station) 
was commissioned. This was an important development stage because the 
supply to consumers was standardised at 415/240V, 3-phase, 50 Hz, 
adopting the British Standards and the I.E.E. Supply Regulations. 
Initially the station housed three 5 MW steam turbo-generators providing 
a total capacity of 15 MW. At the same time the transmission voltage 
was converted to 3-phase, 11.5 kV.. Subsequently, large-scale 
reconstruction works on the transmission and distribution system were 
undertaken to render it suitable for operation on the new 3-phase supply. 
New 11.5 kV/415V substations were built and eventually two 11.5 kV 
submarine cables were laid between Malta and Gaze. 
The rapid growth in electricity demand in the late fifties and 
early sixties resulting from improved living standards, expansion of 
the industrial and commercial sectors and a revision of tariff rates 
upset all load increase predictions. Additional generating capacity was 
installed at 'A' Station much earlier than had been anticipated. In 
addition, the handover of the Naval Dockyard to a commercial firm in 
1959, shifted the responsibility of supplying all electric power in the 
islands to the Maltese Government. In 1956, three oil-fired boilers, 
each rated at 31.82 tonnes/hr (70,000 lb/hr) at 25.86 bar (375 p.s.i.) and 
two steam turbo-generators each rated at 6 MW were installed at Corradino 
Station. Further extensions to the 'A' Station and the supply network 
were carried out to meet the rapidly increasing demand and bring the 
electricity service within the reach of more consumers, particularly 
those located in agricultural and remote areas. Street lighting was 
further extended to new localities. It is interesting to note that the 
advent of television in the late fifties resulted in a load increase of 
about 4.5 MW, nearly equivalent to the full output of one of the existing 
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generators. In 1960, an additional oil-fired boiler rated at 31.82 
tonnes/hr {70,000 lb/hrl at 29.6 bar {430 p.s.i.) was·commissioned at 
'A' Station to supplement the three existing boilers and concurrently 
two additional steam-driven turbo-generators, each rated at 5 MW were 
put into service. In 1965 a gas turbo-generator of 5.7 MW capacity, 
was commissioned, just in time to meet the 1964/5 peak load demand. 
By the time it was fully developed {1965} the 'A' Station housed four 
heavy-oil fired boilers, five steam-driven turbo-generators each rated 
at 5 MW and a 5.7 MW gas turbo-generator burning light fuel oil and 
mainly used for peak lopping. 
to 30.7 MW {34 MVA). 
This brought the total generating capacity 
With regard to the evolution of the transmission and distribution 
network, it must be noted that the original philosophy regarding its 
design appears to have been based on the establishment of a number 
of 3-phase, 11.5 kV ring mains all emanating from the 'A' Station 
busbars, with each ring supplying a group of 11.5 kV/41SV substations 
or zones. Radial 11.5 kV feeders' tapped from the ring main substations' 
11.5 kV busbars were introduced to provide a supply to.other new sub-
stations located outside the ring main zones. This network pattern 
still characterises the 11.5 kV distribution network to a reasonable 
extent although over the years, mainly for convenience or reinforcement, 
a large number of interconnections between the various ring mains have 
been introduced. 
Lack of space prohibited the addition of further generating plant 
at 'A' Station and a new power station was required to meet the rapid 
increase in demand. Under an agreement signed between the Maltese 
Government and the world Bank in 1963, the necessary funds to finance 
the erection of a new power station were procured. The new £3.7 
million power/water station designated as the 'B' Station and located 
at Marsa {adjacent to 'A' Station} was commissioned in March 1966. 
Initially the station was designed for the dual purpose of increasing 
the existing generating capacity and producing an additional fresh water 
supply, to augment natural water resources using a flash distillation 
3 plant having a 45,400 m /day capacity. 
The first development stage of the 'B' Station included the 
commissioning of two 12.5 MW, 11.5 kV, 2-pole, SO Hz steam-driven 
turbo-gene~ators {designated as No.l and No.2l energised from two 
. 3 
90.9 tonne/hr, 43.09 bar, heavy oil-fired steam boilers, a 45,400 m /day 
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distiller and associated auxiliary plant. At rated output one such 
distiller is estimated to consume 3.6 MW (of combined steam and electrical 
power}. 
In order to enhance the security of supply and flexibility of 
operation, the 'B' Station was interconnected to .'A' Station by two 
parallel boosters each rated at 11.5 kV, 12.5 MVA and provided with 
manual on-load tap-changing facilities to enable control over the 
transfer of real and reactive power between the two stations. This 
increased the combined output of the 'A' and 'B' stations to 55.7 MW 
(62 MVA}. 
Despite these measures, the continued rapid growth in the electrical 
load demand necessitated further generation reinforcement46 The 
increase in the late sixties resulted from a boom in tourism and the 
corresponding construction of a number of large new hotels and catering 
establishments, coupled with a rapid expansion of both the industrial 
and commercial sectors. This also necessitated further expansion and 
development of the transmission and distribution network. 
In order to reinforce the transmission and distribution system 
it was decided in 1966 to uprate the transmission voltage from 11.5 kV 
to 33 kV and to develop two 33 kV bulk power distribution centres at 
Msierah and Mosta, both supplied directly from the 33 kV busbars at 
'B' Station and interconnected with each other, so constituting the 
first 33 kV ring main on the island. The 33 kV transmission network 
used both overhead lines and copper (oil-filled) and aluminium core 
underground cables. At the same time it became necessary to transfer 
some load from 'A' to 'B' Station and to interconnect Corradino Station 
to 'B' Station. Many additional interconnections between points on 
the 11.5 kV ring mains and the generating stations or between the 
individual ring mains were provided to enable transfer of load from 
highly loaded circuits and to reinforce the network as a whole. Some 
of the additional demands were unpredictable bulk loads which were 
suddenly imposed upon the sytem without allowing time for proper planning 
action to be taken. This resulted in the adoption of short-term 
measures, in order to alleviate the dual problem of meeting a particular 
demand whilst endeavouring to maintain a secure and reliable supply. 
The net effect of this practice led to a piecemeal development of the 
network which became more complicated and less reliable as it grew. 
In 1970 two oil-fired boilers (No.3 and No.4} each rated at 
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136.4 tonne/hr, 43.09 bar, two steam-driven, hydrogen-cooled turbo-
generators each rated at 30 MW' three distillers each rated at 
53,000 m3/day a~d auxiliary plant were put into service. No.3 and No.4 
generators were connected to the 33 kV busbars through unit step-up 
transformers. The 11.5 kV and 33 kV busbar sections at 'B' Station 
were also inter-connected through No.l 33/11.5 kV 25 MVA interbus 
transformer. The above extensions increased the-gross generating 
capacity of the combined 'A' and 'B' Stations to 115.7 MW. 
Developments also occurred at Corradino Station. In 1956 three 
oil-fired boilers each rated at 31.8 tonne/hr, 25.8 bars and two steam-
driven turbo-generators each rated at 6 MW were commissioned, whilst 
the six 750 kW diesel-driven generators were put on reserve. Thus at 
the 1970/71 peak load period the total~•ne.rating capacity of the three 
stations stood at 127.7 MW (142 MVA! whilst the corresponding load 
demand had by now grown only to 58.5 MW. No additional generating 
plant was further commissioned until twelve years later in 1982. 
However, in October 1978 the British Forces handed over Corradino 
Station to the Maltese Government. 
In 1973/74, like many other developing countries, Malta was badly 
hit by the world oil-crisis. Action on the part of the Maltese 
Government managed to secure an adequate supply of heavy oil-fuel and 
other petroleum products. Energy tariffs, including electricity, had 
to be drastically increased to compensate for the higher oil price. 
This resulted in an initial decrease in energy demand. Whilst in 
1972/73 a maximum demand of 68 MW was recorded, that during the 1973/4 
and 1974/5 peak load periods decreased to 65 MW and 61 MW respectively. 
However, the maximum demand rose again to 69.5 MW during the 1975/6 
peak load period. 
At the same time, because of the increased dependence of the 
Maltese economy on tourism, industrial production and agriculture, 
large-scale infrastructural projects were undertaken to render the 
country self-supporting and to reduce unemployment. This was reflected 
in an improvement in the standard of living and an increased demand for 
electrical energy. The demand continued to grow from 69.5 MW (1975/6) 
to that of 146.5 MW in 1984/5. This indicates that within the past 
nine years, the demand for electricity in the Maltese Islands has more 
than doubled, the increase being equivalent to an average annual growth 
of 8.7%. Through an Act of Parliament passed in 1977 the former 
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Malta Electricity Board was absorbed into the newly constituted Enemalta 
Corporation set up as a parastatal body responsible for the acquisition, 
transformation, manufacture and sale of sources of energy, and the 
production, generation, distribution and sale of energy including 
47 
electrical energy • Enemalta Corporation is made up of three main 
divisions comprising Electricity, Petroleum and Gas and thus the vital 
energy resources were all placed under unified management control. For 
example the Gas Division is responsible for the bottling and distribution 
of gas cylinders (in 10, 15 or 25 kg sizes} to over 115,000 consumers 
in Malta and Gozo to meet heating and cooking requirements whilst the 
need df ·about lOO service and filling stations, local industrial demands, 
marine bunkers and aviation fuel are met through the Petroleum Division. 
The oil-crisis focused the stark reality of the full dependence of 
generating station operation upon the availability of a single fuel, 
that is, oil. Electricity supply had become vital to Maltese industrial 
expansion and economic growth. The securing of contracts for firm 
oil-fuel supplies had become constrained by various unpredictable 
political and economic factors, and therefore an intolerable situation 
had now been reached. In an effort to reduce the dependence of power 
station operation on oil as the sole source of energy and to minimize 
running costs it was decided in 1980, that oil would gradually be 
substituted by coal. 
In December 1982, No.5 oil-fired boiler having an output steam 
capacity of 150 tonne/hr at 62 bar (32 MW! was commissioned. This was 
the last of the boilers, solely fired by oil, to be installed. In 
June 1983 No.6 coal/oil fired boiler having an output steam capacity 
of 150 tonne/hr at 62 bar was commissioned whilst in January 1985 
No.7 coal-fired boiler having an output capacity of 300 tonne/hr at 
62 bar was also commissioned. At the time of writing it is anticipated 
that No.8 coal-fired boiler (with a similar specification to No.7 boiler) 
will be put into service by about May/June 1986. An estimate based 
on the available data reveals that with No.8 Boiler installed, the 
total steam generating capacity at 'B' Station will be 1350 tonnes/hr 
(equivalent to approximately 289 MW). The steam generating capability 
with coal-firing alone will amount to 750 tonne/hr equivalent to 162 MW 
or 56.1% of total capacity. 
One serious problem that Enemalta Corporation has to face is to 
find the capital necessary to finance such large-scale expansion and 
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development schemes. In an effort to save on capital expenditure the 
Corporation managed to acquire three second-hand steam-driven hydrogen-
cooled turbo-generator units complete with unit transformers and some 
auxiliaries. These units are each rated at 30 MW and were obtained 
from the Italian Government. The units were manufactured around 1956 
and originally installed at Palermo Power Station in Sicily. They were 
dismantled, refurbished and re-commissioned at Malta 'B' Power Station, 
and are now designated as No.5, No.6 and No.7 Turbo-·generators. No.5 
unit was put into service in November 1982 whilst No.6 unit was 
commissioned in June 1983. The third unit (No.7l was originally 
destined to serve as a source of replacement parts for the other two. 
However, due to load growth, it became also necessary to refurbish and 
commission this unit in November 1984, thus increasing the total installed 
generating plant capacity at 'B' Station to 175 MW and that of the 
combined 'A' and 'B' Stations to 205.7 MW (229 MITAJ. 
After the commissioning of No.5 and No.6 Boilers and No.5 Generator 
it was considered possible to close down Corradino Power Station and 
reduce dependence on 'A' Station. In April 1983 Corradino Station 
was closed down whilst No.l, No.2 and No.3 Boilers and No.l and No.2 
Turbo-generators at 'A' Station were moth-balled late in 1983 pending 
decisions regarding their refurbishment or scrapping. In March 1985 
the gas turbo-generator at 'A' Station was also moth-balled. 
The shut-down of the small generating units has tended to reduce 
running costs since more of the demand is now being met by the more 
efficient plant at 'B' Station. Work is currently being carried out 
on the erection of No.8 60 MW steam-driven turbo-generator which is 
expected to be commissioned in early 1986. This unit is one of two 
bought at a low price from the C.E.G.B., which originally were 
commissioned in March 1959 at Little Barford Power Station, U.K. Hence 
on the basis of the most recent data available, the generation situation 
is such that the total available capacity during the 1985/6 peak load 
period is anticipated to be 248 MW (275 MITA). 
situation is summarised in Table 2.1. 
The present generation 
Turning now to the transmission and distribution network on which 
a considerable amount of expansion and development involving a high 
capital expenditure has taken place, the situation regarding the progress 
made so far will now be .investigated. Major reinforcements have 
included the extension of the 33 kV switchgear at 'B' Station and the 
-29-
commissioning of new 33/11.5 kV bulk load distribution centres at 
Tarxien, ~ellieha., Hal-Far and Xrobb Ghagin together with the associated 
feeders and intezconnectors. A large number of local area 11.5 kV/415V 
substations and associated interconnectors have also been constructed. 
In January 1982 a new 33 kV submarine cable was laid between Malta and 
Gozo via Comino Island, the aim of this being to improve the quality of 
supply to Gozo and to minimise transmission losses. For the time being 
this cable is being operated at 11.5 kV. The new 33 kV feeders include 
No.2 Feeder between 'B' Station and Msierah and an overhead line from 
TarXien to Hal-Far {to provide adequate supplies to an industrial estate 
including a new metal foundry and the Marsaxlokk Transhipment Harbour 
Project}. A second 33 kV overhead line has been erected between 
Mosta and Mellieha to improve the security and quality of supply in 
the north-west of Malta and Gozo. The availability of this latter 
also provides a more equitable distribution of power between the two 
feeders supplying Msierah and Mosta from 'B' Power Station. The 
geographical layout of the existing 33 kV network is shown in Fig.2.4. 
The present 33 kV transmission network situation is summarised in 
Table 2.2. The 33/11.5 kV Distribution Centres described above are 
provided with oil-filled on-load tap-changing transformers ranging from 
6.3 MVA to 22.5 MVA as shown. in Table 2.3 and Fig.2.4. 
The 11.5 kV transmission and distribution network is characterised 
by a number of ring main circuits together with various radial 
distributors. There are a total of sixteen 11.5 kV ring circuits 
within the system, five of these rings being supplied directly from 'A' 
and 'B' stations whilst the remainder are fed from 33/11.5 kV bulk load 
distribution centres. During the 1983/4 winter peak period there were 
a total of seventeen feeders outgoing from the three 11.5 kV busbars 
of Marsa 'A' and 'B' Power Stations with. ratings ranging from 5.4 MVA 
to 6.9 MVA. 
Up to the time of writing the total transmission capacity of all 
33 kV and 11.5 kV feeders emanating from the Marsa Power Stations is 
estimated to be approximately 211 MVA, with the five 33 kV feeders 
contributing 98 MVA and the eleven 11.5 kV feeders outgoing from 'B' 
Station and the eight 11.5 kV feeders outgoing from 'A' Station 
contributing respectively 67 MVA and 46 MVA. It is also anticipated 
that the total transmission capacity will be increased to approximately 
230 MVA by the end of 1985 through the commissioning of one of two 33 kV 
LOCATION UNIT RAJING COI"'-tiSSIONING PR 111E PRESEIIT DESIGNATION (MW) DATE MOVER STATUS 
CORRADINO Generators No 1 • 6 4.5 1939/43 Diesel Engine Scr•pped 
'A' STATION Generator No 7 6.0 1955 Steam Turbine Scr•pped 
(UNDERGROUND) Generators No 3 • 8 6.0 1955 Steara Turbine Scrapped 
Generator No 1 5.0 1953 Steam Turbine Holh balled HARSA Generator No 2 5.0 1953 Stea111 Turbine Holh balled 
'A' STATION Generator No 3 5.0 1953 Steara Turbine Jn service (UNDERGROUND) Generator No 4 5.0 1960 Steall Turbine In service 
. 
Generator No 5 5.0 1960 Steam Turbine In service 
Generator No 6 . 5.7 1965 Gas Turbine Moth balled 
. 
Generator. No 1 12.5 1966 Ste111 Turbine In service 
Generttor No 2 12.& 1966 Stum Turbine In serv lea 
HARSA Generator No 3 30.0 1970 Steall Turbine In service 
'A' STATION Generator. No 4 30,0 1970 Ste111 Turbine In service 
Generator Ho 6 30.0 1982 Ste111 Turbine In service 
Generator Ho 6 30.0 1983 Steam Turbine In service . 
Generator Ho 7 30,0 1984 Steall Turbine In service 
Generator No a 60,0 1986 Ste111 Turbine Ullller Construct. 
Table 2.1 The present generation situation as expected during the 1985/6 peak. 
FEEDER TYPE LENGTH CSA IHPEOANCE NCI1INAL RATING 
DESIGNATION UG/OH (101) (ln 1/nn 1) (OHM) (HVA) 
B Station • Hslerah No 1 UG 4.353 0.3 In' 0.501 + J0.380 20 
B Station • Mslerah No 2 UG/OH 5.076 185 .... 0.819 + J1.366 20 
B Station • Mosta No I UG 7.301 185 .... 0.850 + J0.600 20 
B Station • Hosta No 2 UG/OH 9.850 0.3 In 1 1.753 + J3.422 20 
B Station - Mosta No 3 UG/OH 9.850 0.3 In 1 1.753 + J3.422 20 
B Station • Tarxlen No 1 UG 4.136 0.3 In' 0.482 + J0.349 20 
B Station • Tarxlen No 2 UG 4.136 0.3 In' 0.482 + J0.349 20 
Msierah - Mosta (Int) UG 6.395 0.3 In' 0.747 + J0.557 20 
Mosta - Mellleha No 1 OH 9.359 0.281n' 1.736 + j3.591 20 
Mosta - Mellleha No 2 OH 12.029 0.281n' 2.183 + J4.506 20 
Tarxien - Halfar No 1 OH 6.348 0.281n' 1.146 + J2.347 20 
Tarxlen - Xrobb No 1 UG 5.780 300 1Tl11 1 0.649 + j0.543 20 
Table 2.2 The present 33kY Transmission Network situation (expected at 1985/6 peak). 
NUMBER OF RATING IMPEDANCE TYPE OF COOLING TAP-CHANGING LOCATION TRANSFORMERS MVA s RAtiGE 
Msierah 2 2 X 22.5 15.0 ON/OB -ro~-·5~ 
Mosta 2 2 X 15.0 10.0 ON/OB -10~·+5~ 
Mellieha 2 2 X 15.0 9.4 ON/OB -lo~-.5~ 
Tarxien 2 2 X 15,0 10.0 ON/OB -10~-t5S 
Ha I far I 1 X 22.5 14.6 ON/OB -1~·+5~ 
Xrobb 2 2 X 6.3 6.25 ON/OB -
Table 2.3 The present situation as regards the 33/11.5kV Distribution Centre Transformers. 
PLANT 
·-·(.::; ~·--. 
COMINO 
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• 33/11.5 kV distribution centre 
e 11,500/415V area substation 
33 kV line 
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~· 
\ 
1012345 
I 11 fl 
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Fig.2.4 Geographical layout of the 33 kV transmission network (1983/4) 
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overhead lines of 20 MVA nominal capacity to be installed between the 
'B' Power Station and the Mosta 33/11.5 kV Distribution Centre. 
A large number of interconnections between the various ring main 
and radial circuits or within.individual rings have also been added 
over the years. The cross sectional area of conductors employed in 
these interconnecting circuits ranges from 14.5 mm2 (0.0225 in2J to 
161.3 mm2 (0.25 in2J with corresponding ratings ranging from 2.4 MVA 
to 6.7 MVA at 11.5 kV in the case of copper conductors. However during 
the past fifteen years the use of overhead lines and cables supplied 
in metric sizes have been growing rapidly in Malta. In fact, the use of 
copper and aluminium lines and cables in a preferred range of metric 
sizes, appears now to have been standardised by Enemalta in both the 
transmission and distribution system circuits. For example all cables 
being installed in sizes up to and including 70 mm2 and in sizes of 
120 mm2 and 150 mm2 have copper conductors, whilst those in sizes of 
95 mm2 , 185 mm2 and 240 mm2 have aluminium conductors. For overhead 
lines the two preferred sizes generally now appear to be 70 mm2 hard 
drawn copper and lOO mm2 and 180 mm2 aluminium alloy. 
In general, the introduction of a considerable number-of 11.5 kV 
interconnections have tended to increase the flexibility of system 
with regard to power transfer. However, the extent of such transfer 
is often highly limited by the relatively small conductor cross sectional 
areas and ·great lengths used. On the other hand, the addition of these 
interconnections has reduced supply reliability, increased fault levels, 
and complicated the network from the point of view of both operation and 
analysis. 
The number of 11.5 kV/415 V distribution transformers provided in 
area substations has also grown at a rapid rate during the past few 
years. The sizes of these transformers range from 25 kVA single 
phase to 5 MVA three phase, the 500 kVA size being the one mostly used, 
followed by the 250 kVA size. According to latest available data the 
total number of distribution transformers at the end of September 1984 
in Malta, Gozo and Comino amounted to 694 units, having a corresponding 
capacity of 353 MVA. In.general all distribution transformers employed 
in the distribution network are provided with manually adjustable 
tappings on the high voltage side. 
±10% in 5% steps. 
The tapping range is usually 
Finally it is of interest to note that on the load side, the 
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number of consumers in Malta and Gozo (including industrial, commercial 
and domestic consumers) totalled 150,654 by September 1984. Of these 
138,960 were consumers in Malta and 11,694 were consumers in Gozo. 
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CHAPTER 3 
PLANNING STRATEGY AND OBJECTIVES 
3.1 Introduction 
Although the general form of electrical power supply systems 
throughout the world follows the same basic pattern, there are wide 
differences in size, topology, complexity and characteristics which are 
mainly attributable to geography or previous history. The topology of 
the system and the upper transmission voltage used are highly influenced 
by both the geography and the load density. For example in the 
countries of North and South America and the u.s.s.R., where large 
distances are involved, high voltages (e.g. 765 kV and possibly higher 
in the U.S.A.) and very long transmission lines are used. In the 
cities of developed countries such as New York, London, Tokyo and West 
Berlin, high voltages (e.g. West Berlin 380 kV, London 275 kV) are 
employed mainly because of the high load densities involved (typically 
20-40 MVA/km2 ) although the areas concerned are relatively sma11. 48 
Adopting a realistic current density (based on equivalent copper 
area) of 2A/mm2 (1300A/in2 )and a resistivity of copper of 0.0178 
microhm-metre (0.7 microhm-inch) then in the case of a three-phase line, 
the ratio between the line voltage and the line length for 0.1 per unit 
loss is about 0.625 kV/km (1 kV/mile). On this basis a load 48 km 
(30 miles) away should be connected by a 30 kV line and so on. Allow-
ing 10% voltage drop leads to a supply voltage of 33 kV which is why 
standard voltages such as 11, 33, 66 and 132 kV have been adopted for 
use in transmission and distribution. As far as generation is concern-
ed machine voltages of 10-25 kV are generally used since this leads to 
economic alternator design. Standardisation of consumer voltage is 
based on a compromise between safety and economy of distribution (cost 
of conductor material) • In the U.K. the maximum voltage for most 
domestic and commercial purposes is standardised at 240 V single-phase 
to earth and 415 V three-phase. In the U.S.A. domestic consumers are 
supplied through a 240 V single-phase transformer with a centre-tapped 
secondary winding giving 240 V across the whole winding for supply to 
large appliances such as water heaters, cookers and washing machines 
and 120 V across half the winding for lighting and small appliances 
such as TV sets and vacuum cleaners. A voltage of 480/277 V three-
phase is also used in industrial and commercial installations (e.g. 
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for air-conditioning plant). Finally the choice of frequency is also 
a compromise between higher generator speeds (and hence higher mech-
anical stresses but higher output per unit volume of machine) and the 
disadvantages of high system reactance at higher frequencies. Historic-
ally the limit of SO Hz adopted in the U.K. and most of the.world was 
fixed by the need to eliminate visual discomfort from electric lamp 
flicker. 
In the case of Malta the adoption of 415/240 V, SO Hz for supply 
to consumers and ll.S kV and 33 kV for the distribution and trans-
mission system in 19S3 stemmed from the British presence and technology 
used on the island since about 1830. The I.E.E. Regulations,British 
Codes of Practice and British Standards Specifications have also been 
adopted in Malta and it is expected that this practice will continue 
to be so in future. 
The density and the geographical distribution of the load. 
influences the topology and complexity of the system, whilst the 
presence, or lack of indigenous fuel resources in the country in which 
the system is located may exert a strong influence on the size, type 
and location of power stations and their interconnections. Hence it 
is evident that the philosophy and strategy adopted in planning the 
expansion and development of a particular power system will have to 
take into account local factors as well as general principles. 
The objective here is to formulate a philosophy and strategy on 
which planning of the development of the Maltese electricity supply 
system can be based and on which proposals for reinforcement of the 
system in its various aspects can be developed. This philosophy will 
need to take account of both technical and socio-economic factors 
which are likely to be influential in the future. 
3.2 Planning Objectives 
As with any other development plan for an electricity supply 
system the overriding objective is to create a situation whereby the 
system meets the needs of the consumers both as reliably and economic-
ally as possible. As well as achieving the above primary objectives 
the plan will need to have regard to secondary objectives including 
l. Improvement of the existing standard of supply and service 
to consumers especially during adverse weather conditions 
2. The continued diversification of electrical generation away 
from the progressively diminishing oil resources and towards 
more available fuel, that is, coal 
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3. Improvement of the existing system efficiency in all aspects 
including generation, transmission and distribution 
4. Improvement in the quality of supply, that is, reduction of 
voltage drops and fluctuations 
s; The eventual need to close down and replace obsolete generating 
plant 
6. The possibility of adapting the system to take into account the 
incorporation of new energy sources as and when these become 
available and economically viable 
7. Regard to the level of safety and the protection of the environ-
ment 
8. The compilation of a comprehensive data base for use in future 
planning studies. 
Most of the above objectives are of a mid-term or long-term nature 
but there are also other immediate considerations which have to be 
pyrsued within the short-term plan. These include relief of loading on 
the outgoing feeders from the generating stations and the minimisation 
of voltage drops and energy losses. 
3.3 Constraints 
When planning an electrical power system various constraints associ-
ated with the aspects of generation, transmission and distribution mu~t 
be taken into account. These constraints may be physical, technical, 
economic, environmental or social. 
Physical constraints are related to geographical conditions. For 
example when selecting a site for a new steam generating station in 
Malta the choice must be restricted to coastal areas since there is no 
cooling water other than the sea. The location will also have to be 
restricted to areas within or near a suitable port or harbour having 
deep water berths for fuel carriers. The choice is further limited by 
the high percentage of unsuitable coastline (e.g. cliffs) and by that 
area occupied by holiday resorts on which the bulk of national income 
from the tourist industry relies. 
Another constraint involves the erection of overhead transmission 
lines and associated supporting towers in the vicinity of new housing 
development schemes. Here the use of such lines becomes restricted 
forcing the choice to the more aesthetically acceptable but costlier 
underground cable installations. 
There are two other important factors which must be taken into 
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consideration. The first is limitation of space at the Marsa gener-
ating site. For example, the installation of No9 turbo-generator and 
its auxiliaries cannot be carried out without demolition of existing 
buildings, Secondly any increase in generation may well involve a 
reduction in thermal efficiency due to the restricted availability 
of cooling water, Since both inlet and outlet ports are situated 
close together in an inner creek of the Grand Harbour where there is 
little natural circulation then, the local sea water temperature 
which is already high would increase further if additional plant were 
installed. Thus the thermal efficiency would progressively reduce 
leading to higher operating costs, 
The technical constraints include voltage regulation, permissible 
loadings,short circuit capacity and operational requirements including, 
for example, the need to maintain supply continuity. 
Economic and institutional factors are also influential in that 
the rate of capital investment and the operating costs must be con-
tained within the financial capability of Enemalta Corporation, This 
must therefore be taken into account in the appraisal of alternative 
proposals, Design errors and the installation of unsuitable equip-
ment create long term difficulties the financial implication of which 
can continue for several years. The cost of remedying such defects 
can be very high and in themselves they may well lead to continuing 
operating problems. 
Finally social factors are also important not only from the point 
of view of environmental effects such as air pollution, noise and 
visual disturbance due to overhead lines and unsightly buildings in 
appropriate places, but also from the point of view of costs to the 
consumer. The proposals must also result in tariffs which are accept-
able to the State in terms of overall public policy adopted by the 
community, 
3.4 Formulation of Planning Philosophy 
The annual cost of providing electricity supply in the Maltese 
Islands amounts to approximately 21% of the Gross National Product, 
that is, in the region of seventy million. Maltese pounds (EStg 115 x 106) 
37 Thus even-small percentage improvements and savings become signif-
icant. If such savings are to be achieved then it is imperative that 
the planning philosophy changes from one based on empirical and 
intuitive approaches to that of a formalised and analytical approach. 
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Only in such a way can the system be designed and equipment selected so 
that errors and uncertainties in planning and judgement be reduced to a 
minimum. The availability of the digital computer nowadays makes such 
an approach. feasible. 
It must however be recognised that planning the electricity supply 
system for Malta presents substantially different problems from those 
appertaining to large industrially developed countries and the solutions 
to these problems as discussed in current literature are not necessarily 
applicable in either practical, technical or economic terms. However 
some of the basic engineering principles and the logical procedures are 
common to all systems irrespective of size, topology or local features. 
The planning process involves engineers, economists and mathematicians 
supported by adequate computational facilities but it must be recog-
nised that in a small country such as Malta the availability of staff 
of the required technical capability and of equipment may be severely 
limited, For example the full time staff of the planning section in 
Enemalta amounts to no more than to two or three engineers, However 
planning must still be carried out and the purpose of this study is 
to provide a basis for this planning exercise using a systematic 
approach which can be employed in future using only the limited 
facilities which are likely to be available, once the firm foundation 
has been laid then, as time progresses, the strategy, techniques and 
procedures can be refined as more reliable data concerning system 
operation and capacity requirements becomes available. 
3.5 Planning Strategy 
The planning strategy adopted here is based on the logical ordering 
of the necessary stages and takes into account the interaction between 
them and the need for iteration within the process. The result is a 
flow diagram which is described in detail later in this Chapter. 
In general the formulation of such a planning scheme will begin with 
an examination of the present state of the system and its current per-
formance under present loading conditions. It will then be necessary 
to assess the likely demands using predicted loadings over the extent 
of the planning period, The total load as well as its geographical 
distribution will need to be determined, The next stage is to identify 
the problems likely to exist and the time scale on which they may occur. 
It should be noted that the first part of the study may indicate that 
some of these problems are already in existence·. 
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Plans must then be evolved to meet the situation identified by the 
above process. It is likely that more than one alternative will need 
to be considered and these must be compared in technical terms taking 
into account: 
a) The need for flexibility so that variations in demand and 
timing can be taken into account 
b) The requirement .that the necessary changes and reinforcements 
should be carried out without undue difficulties in the day-to-
day operation of the system and its ability to meet the exist-
ing loads, 
The most economic alternative of these which satisfies the tech-
nical and, if necessary, social criteria is then taken forward to the 
design stage, Not all of the factors which need to be taken into 
account of in the design are quantifiable, Cost and system performance 
are measurable but the amenity impact is not. Other design features 
such as the need to lay a foundation for future development commission-
ing times and the ability to meet target dates is a matter of judgement. 
Selection of the best solution to the planning problem involves 
optimisation of all possible alternatives which satisfy the fundamental 
criteria adopted. A number of optimisation techniques have been 
proposed by various workers, 49- 52 This previous work is almost 
entirely confined to high capacity systems with mult:i:-generation sources 
and therefore has minimal relevance to this study. However the under-
lying principles of these techniques are discussed briefly below in so 
far as they might be of assistance in planning the development of the 
Maltese network. 
3.6 Optimisation of the Planning Process 
The basic methodology is to develop a series of algebraic equations 
describing the performance of the system, These equations contain 
independent variables representing costs, reliability factors etc. 
The equations are then optimised using linear, dynamic or integer 
programming techniques, In a system which is basically simple such as 
that in Malta which at present has one generation site and a limited 
number of 33 kV links the number of realistic alternatives is small. 
These can be selected by simple inspection and each evaluated for 
subsequent.comparisons with the others. The approach adopted here is 
illustrated by the flow diagram of Fig. 3.1 where the basic steps in 
the planning process are listed. This approach takes account of all 
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Fig 3.1 Planning strategy flow chart 
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the factors mentioned above plus those which have yet to be considered 
such as the prediction of future loads and the need for adequate data 
representing the existing system. However the actual planning and 
development process is dynamic. The processes of planning, design and 
implementation are continuous with all three being considered simult-· 
aneously albeit to different time scales, taking also into account that 
they are both interactive and progressive. An attempt is made to 
illustrate this aspect in Fig. 3.2 which also indicates the importance 
of access to reliable data. One of the major problems faced in 
carrying out this work has been obtaining such information and keeping 
it updated. This is not confined to Enemalta and the. Maltese govern-
ment organisations but is generally true for many electricity supply 
utilities unless a reliable data bank has been established and is con-
tinuously maintained. It is recommended that a major priority should 
be to create such a data bank possibly based on information contained 
in this report. This data bank could possibly be set up if the 
facilities existing at the Government Computer Centre are made available. 
This report is concerned withthe formulation of alternative 
proposals which meet the anticipated load demand and which satisfy the 
technical constraints. This is coupled with the judgement of the 
author to arrive at the most preferred alternatives. Cost is obviously 
an important factor. However it has not proved possible to carry out 
anything more than a superficial cost analysis due to the absence of 
detailed information regarding equipment prices and, in particular the 
financial management procedures adopted by Enemalta Corporation and the 
Government. If such information were available then the general 
approach would be as outlined in Appendix Al. 
3.7 Standardisation 
There are advantages in standardising items of plant installed in 
an electricity supply system. These relate to simplicity of ordering 
and operation 1 interchangeability, reduction in stock held in the stores 
and bulk purchasing resulting in price reduction, simplifcation in 
maintenance programmes etc. It is therefore appropriate to note the 
standard items of plant which are installed in the present Enemalta 
supply system. The proposals developed in this report are based on the 
premise that similar standard equipment to that described below will 
continue to be used whenever it is practical to do so. 
1. 33 kV Transmission Network 
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Single or double-circuit overhead lines 180 mm2 (0.28 in2) 
aluminium alloy conductors supported on steel towers 
2 . 2 
Underground cables either copper (185 mm - 0.3 in ) or 
2 
solid aluminium (300 mm ) 
The nominal continuous rating of these circuits is 350 A 
(20 MVA) at 33 kV 
2. 33/11.5 kV Regional Load Distribution Centres 
a. 10 or 15 MVA, 33/11 kV ON transformers with cooling fans 
allowing uprating to 15 MVA and 22.5 MVA respectively and 
including on-load tap-changers 
b. 33 kV switchgear; oil circuit breakers rated at 1000 ~ 
11.5 kV switchgear; oil circuit breakers rated at 350 MVA 
3. 11.5 kV Network 
a. 
b. 
overhead lines: 70 mm2 HDC or lOO mm2 aluminium alloy 
(approximately 4.4 MVA) 
2 Underground cables: 70 mm (and below), 120 
are copper (4-6.5 MVA) 
95 mm2 , 185 mm2 and 240 mm2 are aluminium 
(4-6.5 MVA) 
4. 11.5 kV substations: 11.5 kV/415 V ON transformers with manual 
tap-changing, usual range 500 kVA to 1500 kVA. Smaller units are 
common in rural areas and there are larger units on industrial 
sites. 
The generating station currently contains a variety of switchgear 
in a complex layout. In particular, during the past three years, the 
capacity of the system has increased considerably in all its aspects of 
generation, transmission and distribution. Consequently there has also 
been a corresponding rise in prospective fault levels. This in turn 
also necessitates an uprating of the short circuit MVA rating of exist-
ing switchgear, unless the fault level is reduced by the installation 
of suitable current limiting reactors. 
For both technical and economic reasons it is imperative to maintain 
standardisation of switchgear ratings53 whilst, at the same time limit 
short circuit levels and hence the maximum size of switchgear below a 
certain upper limit which in the case of Malta, could be reasonably 
allowed to reach 1500 MVA at 33 kv. 
The range of continuous current ratings and short circuit MVA 
(breaking) capacities of switchgear (indoor type oil circuit breakers) 
existing or is being currently installed at the 'A' and 'B' power 
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stations, and which will also be adopted in future plans are as follows 
A Station 11.5 kV 400A, 800A and l200A at 250 MVA 
and 500 MVA 
B Station 11.5 kV (Brush) 
B Station 11.5 kV (Reyrolle) 
B Station 33 kV (South Wales) 
B Station 33 kV (Reyro~le) 
400A, SOOA, 1200A and 2000A at 
500 MVA 
1250A at 500 MVA 
2000 A 
2000 A 
at 1000 MVA 
at 1500 MVA 
A computer programme based on a model of the Maltese generating 
system arrangement has been devised, to aid in the analysis of existing 
and future short circuit levels and the planning and design of future 
power station extensions. This is dealt with in Chapter 4. 
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CHAPTER 4 
MODELLING OF THE MALTESE SUPPLY SYSTEM FOR PLANNING PURPOSES 
4.1 Introduction 
Before planning studies can be undertaken it is essential that 
the system planner has a complete understanding of the layout and 
performance of the existing system in terms of load flows, voltage 
regulation and short circuit levels. It is necessary to construct an 
analytical model of the_system before planning synthesis can be carried 
out. In order to do this, the layout of the existing network and the 
relevant parameters of the components within that network must be known. 
It is the purpose of this chapter to devise such a model for the Maltese 
system and to show how it may be used in planning studies. The use of 
a digital computer facilitates the final analysis. 
Planning studies in the context of this report refer to steady-
state as opposed to dynamic operating conditions and it is further 
assumed that, for this purpose, it is possible to consider the system 
being balanced in terms of phase loadings and phase impedances. It is 
appreciated that once plans have been formulated to deal with anticipated 
loadings, then further work needs to be undertaken with regard to 
operational requirements, such as the assessment of stability and the 
design of protectim systems. 
of this project. 
Such work is, however, outside the scope 
Under the conditions described in the above paragraph the three-
phase system can be considered in terms of a single-phase model. However 
this model can still be extremely complex. For example, even a system 
as small as that of Malta contains more than 700 transformers each 
representing an individual loading node. Some form of network reduction 
before the final model is complete is therefore usually necessary. 
I The form which this reduction takes, and its extent, depend on the 
objective of the study. Here, the study is mainly concerned with the 
generation and major load transmission network, the latter consisting 
()!_the high voltage ( 33 kV) system and those sections of the 11.5 kV 
system which are available to fulfil an interconnection as well as a 
load distribution function. Loads must also be included in the model 
and decisions must be taken as to whether in the circumstances in question 
these should be treated as constant impedance, constant power, constant 
current or a combination. 
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The methods and the extent to which system reduction is carried 
out depend on the purpose for which the model is to be used. considerable 
work has been carried out in this area54- 57 • The availability of the 
·digital computer has led to the ability to handle more complex systems 
without sacrificing accuracy of solution or involving excessive labour. 
However it must be appreciated that the accuracy of the model and therefore 
the reliability of the information which is obtained from it is only as 
good as the data on which the model has been based. 
4.2 Modelling of Individual Components 
The methods used in this section are based on standard techniques 
57-58 developed elsewhere and are taken to the degree of refinement 
considered to be appropriate for the planning studies undertaken in 
later Chapters. 
4.2.1 Synchronous Generators 
The normal equivalent circuit model for a synchronous generator 
of the type installed in the Malta Power Stations (i.e. round rotor, 
turbine-driven unit) is shown in Fig.4.1, where the machine is represented 
as a voltage source Ef in series with a reactance Xs and resistance R. 
Here Xs represents the equivalent machine reactance per phase and R the 
stator resistance per phase. The value of X depends on whether the 
s 
machine is operating under steady-state or transient conditions, but 
here the former situation is considered when carrying out load flow 
studies. The transient (or subtransient value) of Xs is considered 
appropriate switchgear when short circuit conditions are involved, and the 
ratings need to be obtained. Thus the value of X represents either 
s 
the synchronous or the transient value as appropriate. Also R is 
generally comparatively small and for these purposes may be neglected. 
The result is the simplified representation shown in Fig. 4.2. In 
some circumstances it has been found appropriate to consider an even 
simpler model as shown in Fig. 4.3 where the generator is considered 
as a power source injecting an apparent power s = P + jQ into a g g g 
bus which is specified in terms of the magnitude lVI and phase angle o 
of a voltage. Such a bus is known as a reference or 'slack' bus. 
4.2.2 Power Transformers 
Exact models of power transformers are discussed in the literature 
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59-61 
references • However for the purpose of this study, which, as has 
already been noted, is primarily concerned with balanced steady-state 
conditions, it is considered sufficient to adopt the usual approximate 
equivalent model shown in Fig.4.4. (Re + jXe) is the equivalent referred 
series impedance of the unit and R ,jX are the magnetising branch 
0 0 
components. For normal power transformers the magnitude of Re is 
approximately 10% of X , R <<R and X <<X • When used in the matrix 
e e o e o 
analysis of systems for load flow purposes it is convenient to transfer 
the model into the ~-equivalent circuit using admittances as shown in 
Fig.4.6. 
In this circuit the values of the admittances are given by 
y1 
y2 
y3 
where a = 
impedance 
= 1/a(1/a - 1)1/Z e 
= 1/a(a - 1)1/Z e 
= 1/aZe 
transformation ratio, 
has been neglected. 
(See also Appendix 2) 
Z = Re + jXe and the magnetising 
e 
This derivation is based on the simplified 
equivalent circuit of Fig.4.5 in which the voltage source takes into 
account the transformation ratio and any tap-changing involved. In 
passing, it is noted that if unbalanced conditions were to arise, it 
would then be necessary to take into account the phase sequence models 
of the transformer in question. 
4.2.3 Overhead Lines and Underground Cables 
The representation used will depend on the ·lengths involved and 
the degree of accuracy required. The main issue is the relative 
significance of the shunt impedance and the current through it. This 
impedance is smaller for cables, largely due to the proximity of the 
conductors and the permittivity of the insulation used and therefore 
it·is usual to take it into account for cables longer than 15km whereas 
for overhead lines the lower limit is in the region of 50 km. In 
either event the distances involved in the Maltese network are much below 
this and therefore it is considered justifiable to treat the circuits 
as 'short', that is, the shunt impedance is ignored so giving the simple 
equivalent circuit of Fig.4.7. 
The values of the parameters R and ~ are obtained from a knowledge 
of the conductor material, dimensions and circuit geometry. All the 
cables concerned use a standard trefoil arrangement (except for very 
short lengths) and the parametric data for these is obtained from 
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Fig 4.1 Equivalent circuit model of a synchronous generator 
I 
V 
Fig 4.2 Simplified circuit model of a synchronous generator 
Sg:Pg+jQg 
Fig 4.3 Synchronous generator model for use in power-flow analysis 
Ip • 
Vp 
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• 
• 
• 
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Fig 4.4 Approximate equivalent circuit model of a power transformer 
Vp 
Vs 
Vs 
Fig 4.5 Simplified approximate equivalent circuit model of transformer 
Ip Is 
Vp 
Fig 4.6 N -Equivalent model of transformer 
62-65 
standard sources 
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The method of calculating resistance and reactance of overhead 
66-67 lines is explained in detail by various authors and is only 
summarised below. 
The arrangement of a standard single-circuit overhead line. as 
used by Enemalta is shown in Fig.4.8 in which the radius of each phase 
conductor is r. The effective inductance per phase LR of the R (red) 
phase conductor taking into account the effective mutual inductance 
between the phases) is given by 
1!0 
L =- ln R 211 
-1/4 
where rm =re = 0.7788r is known as the Geometric Mean Radius (GMR) 
of the conductor, and 11 = 411 x 10-7 H/m is the permeability of free 
0 
space. 
Similarly for the Y(yellow) and B(blue) phases 
and H/m 
Inserting the dimensions for the form of construction used for two 
typical 33 kV single-circuit line configurations employed by Enemalta 68 
For Configuration 1: 012 = 1.98m 023 = 031 = 3.5 m r = 
For Configuration 2: 0 12 = 4.0 m 023 = 0 31 = 2.02 m r = 
The corresponding line reactances become 
Configuration 1: ~R = 0.357 ohm/km XLY = 0.357 ohm/km 
~B = 0. 428 ohm/km 
Configuration 2: XLR = 0.401 ohm/km ~Y = 0.401 ohm/km 
XLB = 0.315 ohm/km 
8.7 X 10-3 
8.7 X 10-3 
Although the reactance values of individual phases are not equal 
due to the non-symmetrical construction it is considered justifiable, 
because of the relatively short route lengths involved, to take the 
m 
m 
value obtained using an equivalent spacing (as if the line were transposed) 
called the Geometric Mean Spacing or Distance (GMD) given by 
- 1/3 0m- (D12 °23 °13) 
so that the effective reactance for each phase conductor is given by 
D 
m 
r 
m 
ohm/km 
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~----~~~------~------~ 
R 
Fig 4.7 Simplified equivalent circuit model of short line or cable 
. ~~radius r 
----- ROT 013 
~ig 4.8 Three-phase, ~ingle-circu~t transmission line configuration 
Fig 4.9 Three-phase, double-circuit 33kV transmission line configuration 
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and substituting actual values then for 
Configuration 1: ~R = ~y = ~B = ~ = 0.381 ohm/km per phase 
Configuration 2: XLR = ~y = XLB = ~ = 0.372 ohm/km per phase 
The situation is a little more complex in the case of the double-
circuit line shown in Fig. 4.9. (Such a double circuit line is installed 
between the 'B' Generating Station and Mosta 33 kV Distribution Centre). 
The two sets of conductor configurations are symmetrical about the 
vertical centre line of the steel tower. Using the results obtained 
from the previous derivation the (positive sequence) reactance per phase 
can be calculated as shown 
the equivalent equilateral 
equivalent self GMD) where 
below, by re~lacing D (the GMD) by D 
m e 
spacing) and r (the GMR) by r (the 
m e 
D = (D __ D D )1/ 3 and r = 
e RrYB RB e 
Also 
Mutual GMD between phases R and Y = 0RY = (D12°1s012°1S) 
1/4 
= (D12°1s> 
Mutual GMD between phases Y and B = 0BB = (D12°1s012°1sl 
1/4 
= (Dl2°1s> 
1/2 
1/2 
Mutual GMD between phases B and - - 1/4 R - ORB - (D13°16°13°16) - 1/2 - (D13°16) 
D = (D __ D D )1/3 =(\D D )1/2(0 D )1/2(0 D )1/2]1/3 
e RTYB RB 12 15 12 15 13 16 
- 1/3 1/6 0e- ((D12°1s> (Dl3°16) l 
Also if the GMD of each phase conductor is rm (where rm = 0.778r) 
then the self GMD of phases R, Y, B can be expressed as 
Hence 
and thus 
( D D )1/4 (rmD14)1/2 reR = rm 14rm 14 = 
( D D )1/4 (rmD2Sll/2 reY = rm 25rm 25 = 
reB = (rmD14rmD14l1/4 = (rmo14l1/2 
re= ((rmD14)1/2(rmD25)1/2)rmD14)1/2]1/3 = [rm1/2.D141/3.D251/6] 
Line inductance = L = ~0 211 
D 
e 1n rH/m 
e 
Now inserting the available data for the double circuit 33 kV towers69 
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012 = 023 = 045 = 056 = 2.005 m 
013 = 046 = 3.962 m 
014 = 3.352 m 
015 = 4.159 m 
016 = 5.190 m 
025 = 3.963 m 
Also r = 0.87 -3 0.7788r = -3 x 10 m and r = 6.776 X 10 m 
m 
Substituting these values in the above equations gives 
0 = ((2.005 X 4.159) 113 (3.962 X 5.190) 1/ 6 ) = 3.356 m 
e 
r = ((6.776 X 10-3 )1/ 2(3.352) 113 (3.963) 1/ 6 ] = 0.155 m 
e 
L = ( 3.356 ) -7 ln 0 _155 = 6.15 x 10 H/m = 0.615 mH/km/phase 
' -3 ~ = 2nfL = 2n x 50 x 0.615 x 10 = 0.193 ohm/km/phase 
As far as capacitance is concerned, its value can be calculated 
using similar concepts, if required, as in the case of longer circuits. 
For the 33 kV lines existing in Malta, the value of capacitance to 
neutral ranges approximately from 0.0096 to 0.0098 uF/km corresponding 
to a charging current of 0.057 to 0.059A/km, which is small compared 
to the rated line currents (350A) and hence it will be ignored in 
future calculations. In the case of cables both capacitance and 
charging current can be obtained from standard handbooks. Although 
for cables the capacitance, and hence the charging currents are higher, 
the accuracy of the calculations will not be significantly affected 
if these are also ignored. 
The resistances used are calculated at a working temperature of 
20°C for overhead lines, whilst in the case of cables the maximum 
allowable operating temperature specified by the manufacturers is 
adopted (that is 65°C in some cases and 85°C in others). In principle 
the data used is that obtained from manufacturers' information. 
4.2.4 Load Modelling 
The load imposed on a power system is made up of industrial, 
commercial and domestic components. For the purpose of power flow 
analysis the individual loads have to be represented as a composite 
/ 
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which is synthesised by summing the characteristics of the components. 
Of prime interest is the variation of active Power P and reactive 
power Q taken by the load as the applied voltage changes, since this 
may prove decisive in selecting the most appropriate load model. 
This project is concerned with planning for future peak loads. 
As will be shown later (Chapter 6) this peak load has historically 
occurred during periods when industry, government offices and schools 
are likely to contribute little to the demand. 
In these circumstances and using a variety of data obtained from 
many sources, a reasonable breakdown of' the demands for the purposes of 
this work is estimated as follows 
Domestic space heating, water heating and cooking 45% 
Domestic lighting, TV and other household appliances 20% 
Pumping, air conditioning 10% 
Street lighting 3% 
Losses 22% 
The losses include power station consumption47 , network losses as 
well as unaccounted losses. 
The nature of the constituent loads suggests that the composite 
will have a high power factor (estimated to be at least 0.9 lagging 
and even higher during peak load), as verified from operational data 
available. 
The relationship between the power consumed by a load and the voltage 
' 
applied is such that 
r 
1. For heating loads resistance is independent of voltage variations. 
Hence the power taken will vary as the (voltage) 2 • Toe operating 
power factor is assumed to be unity. 
2. For lighting, the power taken varies approximately as 
v
1
•
6
- v1 · 8 <48 • 70 ~ Lighting loads are independent of frequency and 
operate at near unity power factor. 
3. For induction motors, the active power P is approximately 
proportional to V, but the variation of reactive power Q with V is usually 
considered as negligible. The power factor of motor loads is usually 
in the range between 0.7 and 0.9 lagging. 
For steady-state conditions Hore71 recommends that where the voltage 
regulation is considered to be small or approximately within the tap-
changing control range (typically up to about 10%) loads may be 
represented by constant power models whilst for situations likely to 
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involve 10-20\ voltage regulation the constant current model is more 
suitable. For transient, i.e. fault analysis the models recommended 
involve either (1) constant impedance or (2) constant impedance during 
fault with constant current after fault clearance. From the above 
considerations it appears to be justified to model loads as constant 
. power sinks for steady-state power flow analysis and as constant 
impedance for fault analysis. This philosophy will be adopted in 
the analysis which follows in later chapters (although it should be 
noted that the computer programme developed can also be used with constant 
current loads.) 
For the purpose of ~lanning, most network analysis is concerned 
with proposed systems or proposed modifications to existing systems. 
Load magnitudes and power factors cannot be determined with absolute 
accuracy irrespective of the forecasting methodology used. The errors 
involved in the adoption of constant current, power or impedance 
representation in any load model will be small when compared with load 
prediction errors. Furthermore provided that the voltage regulation 
is small (less than 10\) the difference between constant power and 
constant current is very little. However because a final decision 
has to be made, then it was decided that for the power flow analysis 
which follows, loads will be modelled as constant real and reactive 
power, although constant current loads will also be simulated as a check 
(the computer programme has been devised to accept constant power, 
constant current and constant impedance loads). 
The models proposed are likely to lead to slightly conservative 
results (i.e. higher power flow values). However this is considered 
to be a good practice in any planning strategy, where a reasonable 
safety margin should always be allowed for. 
4.3 Effect of Er~ors in Electrical Data Used in Power System Studies 
This topic has been considered in detail by various authors70 •71 • 
A power system is usually planned before the major items of plant 
involved have been manufactured. The information available is usually 
design data rather than actual test figures. Even test data is 
considered 'accurate' only within tolerances of ± 3\. Typical figures 
are 
Generators 
Transformers 
'± 5\ 
± 15\ 
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Overhead lines (resistance values ±6% due to 
temperature variations and reactance errors ± 2%) 
Underground cables 
± 5% 
± 10% 
The degrees of accuracy stated above justify the assumption that 
for planning purposes the simple models adopted are acceptable. There 
is no advantage in adopting complex models of generators, transformers 
and lines when loading and other relevant data are available only to a 
limited accuracy. Furthermore it is often convenient for resistance 
to be \gnored as this results·in large reduction in computation and gives 
only a slight decrease in accuracy. Again errors in load prediction 
are likely to be greater than the errors resulting from inaccuracies 
in the parametric values adopted. 
4.4 Modelling of the Maltese Power System Network 
Having developed the equivalent circuit models of individual 
power system components, the next stage is to assemble these components 
into a model of the complete system. A three-phase system, provided 
it is balanced, (i.e. it is supplied at balanced voltages and has equal 
phase impedances) can be modelled in terms of a single-phase equivalent 
circuit diagram composed of one of the three phases and the neutral 
return conductor. The first stage is to develop a single-line diagram 
including the appropriate connections and impedance values depending 
on the purpose for which the analysis ts being developed. This then 
leads to the formulation of representative mathematical models suitable 
for analysis on a digital computer. On this basis, single-line diagrams 
of the Enemalta transmission system and the generating system arrange-
ments, including·interbus links are as shown in Figs. 4.10 and 4.11. 
The diagrams show the network which existed at the time of the 1983/4 
peak load. Fig. 4.10 shows the 33 kV network and the 33/11.5 kV 
transformers whilst the generating station arrangement is shown in more 
detail in Fig. 4.11. These will serve to illustrate what is required 
and form the starting point for the planning proposals referred to 
later in this report. 
The mathematical model is in the form of a group of simultaneous 
equations the solutions to which can be obtained using a digital 
computer. In the case of this project it was desired to keep the corn-
putational needs as simple as possible since it must be appreciated 
that the requirement was for a technique which could be used by 
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operating and planning engineers on a continuing basis, in Malta where 
the computer facilities are limited. ~he programmes were written in 
BASIC for use on an Apple II microcomputer. 
A generalised programme (GIND 3) for analysis of systems 
incorporating interconnectors, ring mains, radial and parallel circuits 
and interconnected ring mains was developed and used for the load-flow 
analysis of the 33 kV transmission system. A second programme (FAULT) 
was written for the purpose of analysing short circuit conditions 
(i.e. determining fault levels) at strategic points on the various 
power station busbars in order to check the adequacy of existing 
swttchgear and settings of protective relays and to determine the ratings 
of any future current limiting reactors. The programme development is 
based on standard techniques of load flow analysis and it is discussed 
further in the sections which follow • There are a very large number 
. of possibilities56 but those selected are adequate for the situations 
covered in this study. 
4.4.1 Development of a Network Model as an Aid to Load Flow Analysis 
Fig. 4.12 shows an 11.5 kV system fed from a 33/11.5 kV 
distribution centre. Local networks of this type are very common 
within the Maltese electricity system. With all the 11.5 kV switches 
closed, the result is a ring main fed from a common source, i.e. the 
busbar s1s2 . When the bus-section OCB between s1 and s2 is open the 
result is an interconnector fed from both ends by 'separate voltage 
sources which may differ in both magnitude or phase. Either feeding 
arrangement 
coping with 
is possible and the computer programme must be capable of 
both. The programme must also be capable of handling two 
special cases. 
(i) The opening of one 11.5 kV switch in the network which results in 
a radial feeder fed from each source 
(ii) The straightforward interconnector, i.e. no loads tapped from 
it. 
It should also be possible to deal with the more complex case of an 
interconnector between two rings or an internal interconnector within 
the ring. 
Such a proqramme was developed as detailed below and used for 
load flow analysis on both the 11.5 kV·and 33 kV systems. Had the 
system involved greater complexity then it would have been necessary 
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72-73 to use techniques such as, for example, Newton-Raphson , but again 
it must be emphasised that the programme had to be suitable for use by 
engineers many of whom could not be expected to be familiar with 
sophisticated computing techniques. In any event the use of the 
simplified approach raised few problems in the cases considered. 
In the following analysis of the model of the generalised distributor 
fed at both ends, conditions as regards supply voltages, currents and 
impedances are assumed to be symmetrical. Operation under steady-
state conditions is also assumed. The relevant performance criteria 
which must be met include voltage regulation limits, current loading 
limits and minimisation of energy losses. Voltage requlation must be 
constrained within statutory limits (±6%)74 whilst the section currents 
must be maintained within specified values set to avoid excessive 
temperature rise (limit for cables 65°C to 85°C). Energy losses must 
be kept to a minimum for maximum economy of operation to be achieved. 
A simplified single-line diagram of the distributor is shown in 
Fig.4.13. Concentrated loads representing loaded distribution trans-
formers are fed from points along the distributor. The 
to develop expressions describing the performance of the 
objective is 
distributor 
in terms of node voltages and voltage drops, section currents, section 
conductor loss, transmission efficiency, transmission angles, input 
power and overall (end) power factors. The input data includes 
magnitude and phase of end voltages and maqnitude and power factor of 
the individual loads. The calculation has been devised to allow these 
loads to be expressed in terms of either power, current or impedance. 
The load power factors also need to be known as well as the conductor 
sizes. The analvsis that follows leads to the development of a 
digital computer li'rograrnrne which, when run, will provide the basis for 
a study of the circuit or that section of the system of which it forms 
part, for example, the 33 kV transmission system. 
The first step is to derive an expression for the total voltage 
drop across the distributor in terms of section parameters (impedances) 
and load currents, impedances or powers (depending on data available) 
and end voltages, so leading to an expression for the section current 
at one end. Knowing the current in the end section, the other section 
currents can be found by successive subtraction of the load currents. 
With the section currents known, it is the~ possible to compute the 
magnitude and phase of the voltage drop in each section, the losses 
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33kV 
11.5 kV 
Fig ~;12 Model of a ring •ain distribution netvork supplying a nu~er of 11500/~15¥ 
substations fro• a 33/11.5kV balk load distribution centre 
V z· V Z V Z V Z V Z V ~A~--~s-~l----~1~-1•s•2 ____ -T2----~s3~-----f3--~•s-.4 n-1 n Z 
- ---·~----~----· 
Isl Is2 Is3 Is4 
Fig ~.13 Simplified (analytical) •odel of ring •ain distributor 
I 
n-1 
I 
sn 
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in each section and the overall losses, the efficiency of transmission 
and the power input. The programme is also adapted to indicate section 
overloading and node voltages outside permissible values. 
Referring to the simplified model of the distributor shown in 
Fig.4.13, let n = number of distributor sections 
then n-1 = number of load nodes (see below) 
where 
Zsk = Rsk + j Xsk = impedance of section k (ohm/km) 
Rsk = ~~k 
xsk = xk~k 
~ = resistance of section k (ohm/km) 
xk = reactance of section k (ohm/km) 
~- = length of section k. (km) K 
VA = phase to neutral value of supply voltage at end A 
vz = phase to neutral value of supply voltage at end z 
(volts) 
(volts) 
vk = phase to neutral value of the voltage at node k (volts) 
Isk = current/phase in section k (amperes) 
Ik = load current/phase supplied by node k (amperes) 
ztk = sum of section impedances (ohm) 
All voltages, currents and impedances specified are phasor quantities. 
Applying Kirchoff's voltage law, the basic equation for the 
generalised distributor can be written as 
VA - vz = I s1zs1 + I s2zs2 + I s3zs3 + ... + I z ( 1) sn sn 
The currents in the individual sections may be expressed as 
I = I - I1 s2 s1 
I = I - I2 = I - I1 - I2 s3 s2 s1 
I = I - I3 = I I1 - I2 - I3 s4 s3 s1 
I = I sk-f Ik-1 = I - I1 - I2 - I3 - ... - Ik-1 sk s1 
I = I - I = I - I1 - I2 - I - ... - I sn sn-1 n-1 s1 3 n-1 
or 
n 
I . = I - E Ik-1 ( 2) Stl s1 k=1 
Hence equation (1) can be written in the form 
VA- Vz = Is12s1 + (Isl-Il)Zs2 + ~ 1 sl-Il-I2\Zs3 + ••• +(Isl-
Therefore 
+ I Z -
sl sn 
n 
E 
k=l 
Rearranging terms qives 
Putting 
ztl = (Zsl + zs2 + 
zt2 = (Zs2 + zs3 + 
= z 
sn 
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I Z k-1 sn 
+ z ) = 
sn 
+ z ) 
sn 
Then equation (3) can be written as 
n 
E 
k=l 
VA- Vz = Islztl- I1Zt2- I2Zt3- ••• - In-lztn 
from which 
( 3) 
Hence the expression for the section current entering the distributor 
from end A can be written 
(4) 
Alternatively the above .expression may be written as 
n n 
(VA-VZ) + l: Ik-lztk (VA -Vz) l: Ik-lztk k=l k=l I = = ---+ 
sl n n n ( 5) 
l: zsk l: zsk l: zsk k=l k=l k=l 
In the case when both ends are supplied from the same source busbar 
then VA = VZ or VA- VZ = 0, and equation (5) reduces to 
n 
l: 1k-lztk 
I k=l (G) = 
sl n 
l: zsk 
k=l 
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When the system is fed from one end onlv. i.e. radial feed then this 
can be represented by putting Zsn ~ ~ and VZ = VA. 
Then from equation 
n 
If Z ~ ~ then L 
sn k=1 
Hence equation (5) 
~ 
(5) 
z .. ~ 
sk 
n 
and L 
k=1 
reduces to 
n 
+ 
k: Jl1k- J}xm 
~ 
n 
= L Ik-1 
k=1 
that is rs1 = r 1 + r 2 + I 3 + ••• + In_1 
(7) 
which can be verified by inspection in the case of a radial distributor. 
Thirdly, the model can be adapted to represent a load supplied 
from a single source through two sections in parallel by considering 
a ring main distributor with both ends A and z supplied from the same 
voltage source but with only one load tapped from it. 
In the case VA = VZ or VA - VZ = 0, n = 2 and zt2 = zs2 
Substituting these values in equation (6) gives 
or (8) 
which may be recognised as the familiar expression for the current flow 
in one of two feeders (or transformers) operated in parallel to supply 
a common load. 
Fourthly, the generalised model can also be adapted to represent 
an interconnector or tie-line by considering a ring main with its ends 
supplied from different voltage sources but with no loads tapped from 
it. In this case 
Hence equation (5) reduces to 
1s1 = (VA - Vz)/Zs 
which is the general expression for an interconnector. 
(9) 
Having calculated the current in section 1, Is 1' entering supply 
end A, then the currents in the other sections of the distributor are 
given by 
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The current in the last section is 
1sn = 1sn-1 - 1n-1 
The above expressions for the section currents Isk can be written 
in the'forrn 
1s2 = 1s1-11' 1s3 = Is1-I1-I2 and Isk-= Is1 ~ I1-I2-I3- •• -Ik-1 
Hence the current in any distributor section can be expressed as 
I = I -sk s1 E k=1 
I k-1 ( 10) 
Knowing the section currents, the voltage drops in the individual 
sections can be written as 
vsl = 1slzsl 1 vs2 = 1s2Zs2 and vsk = Iskzsk 
Hence the individual bus voltages can be evaluated from 
vl = VA-vs1' v2 = v1-vs2 and vk = vk-1-vsk 
or v1 = VA-vs1' v2 = V2=VA-vsl-vs2 and V = V -v -v -k A sl s2 -v sk 
The voltage at any node (bus) vk can be written in the form 
vk = V -A 
vk = V -A 
V = V -k A 
E vsk and since vsk = Iskzsk k=1 
E I skzsk and also since 1 sk k=l 
E (I -
k=l I. sl 
then 
= I - E Ik-1 then s1 k=1 
( 11) 
If the distributor loads are given in terms of constant active 
and reactive power (Pk' Qk) or in terms of the active power and 
factor ( pk' cos ~\) or in terms of load impedance magnitude and 
factor (Zk' cos !11k) then the individual currents become 
(~ + Q2)1/2 pk vk 
Ik = or I = I =-vk_ k Vkcos(ak k zk 
where Vk is the phase to neutral voltage at any node (bus) k. 
Knowing tk the active and reactive components of Ik become 
respectively Ik cos(ak and Iksin~k' where 0k =arc tan (Pk/Qkl. 
power 
power 
The two most important sets of quantities that is, the currents 
in the individual sections and che voltages at individual nodes, are 
given by equations (6), (10), (11). 
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The computer programme developed was based on the above derivations. 
Because the node voltages are one of the sets of the unknown quantities 
to be determined, an iterative method of computation was used to solve 
for the node voltages, with an initial (starting) approximation that all 
node voltages are equal to the ena voltage VA, the iteration being 
stopped when the value of the node voltages obtained from two successive 
iterations become equal. HowevP.r, in order to obtain a faster solution, 
the programme was later modified. to stop the iteration when only a small 
error or difference (1/10,000) was obtained between two successive 
iterations. 
Having determined the node voltages and section currents the 
programme was further extended to compute, display or print: 
1. Power losses and efficiency of the distributor 
2. Input ~ewer and power factor at each end of the distributor 
(MW, MVAR, MVA, cos~) 
3. Total input and output power and power factor (MW,MVAR,MVA) 
4. Percentage voltage drop at node with lowest voltage, and whether 
the voltage at this node is within a specified (predetermined) 
value. 
5. An indication of an overload if any of the section current exceeds 
a specified value. 
In addition, the programme was also extended to enable the study of 
the effect of introducing an additional interconnector between 
a) any two of the distributor load nodes - (internal interconnector) 
b) any one of the distributor load nodes and an external voltage 
source (generation node) - (external interconnector) 
This ~endered the programme capable of analysing more complex circuits 
(See Appendix A3). 
The proqramme input requests the end voltages, number of distributor 
sections, the res;stance/km. reactance/km and length (km) of each 
distributor section (parameters), and the power or current or impedance 
and power factors of the individual loads tapped from the distributor. 
One must also specify whether the com~utation required involves a ring 
main distributor (also apPlicable to parallel operation), radial 
distributor or an interconnector. Whether an interconnector is to be 
included between two specified nodes within the ring or between a specified 
node in the ring and a specified external voltage source, must also be 
entered. The flow chart and full programme are shown in Appendix A4.· 
-67-
4.4.2 Development of a Network Model for Fault Level Analysis 
The model developed can be used to represen" the generation 
arrangement of "he A and B stat1ons including all the links and inter-
connectors between the various busbars and can be utilised to determine 
fault levels at these points. For the purpose a simplified arrangement 
of the generators (including possible future generators) is shown in 
Fig. 4.11. This single-line diagram constitutes the starting point 
for the analysis. ~he parametric data included has been compiled·from 
documen"s available and has been checked for accuracy as far as possible. 
In order to simpl\fy further the analysis, the model of Fig. 4.14 was 
developed referring all the per-unit reac"ances to a common base of 
100 MVA. The generator ~eactances adopted are the transient values. 
The model of Fig. 4.14 can be further simplified to that of Fig.4.15 
by combining reactances (e.g. Station A combined into one reactance XU). 
The next step is "o derive the relevant mathematical equations. 
There are five distinct fault levels on the system (from the point of 
view of switchgear rating), these being A, B, D, Rand S as shown in 
Figs. 4. 14 and 4.15. The programme developed will also enable the 
short-circuit MVA ratings of circuit breakers and the parameters of current 
limiting reactors to be determined. 
Then 
where 
Referring to the model of Fig. 4.15, let 
XA = XT + XI + XU 
XB = 1/(1/Xt+ 1/X2) 
XC= 1/(1/X3 + 1/X4 + 1/X9) 
XD = 1/(1/X5 + 1/XG + l/X7 + 1/X8\ 
XE = 1/(1/XA + 1/XD) 
XK = XB + KO 
XS = 1/(1/XK + 1/XC) 
XM=XE+XR 
XP = xs + XR 
XX = 1/(1/XS + 1/XM) 
XY = 1/(1/XP + 1/XE) 
Fault level at s ( 33 kV SWS Bus) is FS = SB/XX MVA 
Fault level. at R(33 kV Reyrolle Bus\ is FR = SB/XY MVA 
SB is the system base MVA and SB = 100 MVA. 
It is noted that XU represents the combined reactance of all the 
' generators installed at A Station. Hence the above model represents 
the worst situation when all machines installed at both A and B stations 
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including the future 90 MVA interbus reactor (XR), No.a generator (X1) 
and No.9 generator (X4), (which are represented by·dashed lines in 
Figs. 4.11, 4.14 and 4.15) are all in service. 
Having determined the fault levels at points s and R, the fault level 
at point B(11.5 kV Brush Bus) will now be calculated. Let 
XH = 1/(1/XC + 1/XM) 
XJ = (XO + XH) 
XW = t/(1/XB + 1/XJ) 
Then Fault level at B (11.5 kV Brush Bus) is FB = SB/XW MVA 
The fault level at point D ( 11.5 kV Reyro!le Bus) fs next calculated. 
Let XQ = 1/(1/XP + 1/XD) 
XN = (XQ + XT) 
XV = XU + XI 
XZ = 1/(1/XN + 1/XV) 
Then Fault level at 0 (11.5 kV Reyrolle Bus) is FD = SB/XZ MVA 
Finally the fault level at point A (11.5 kV Statter A Station Bus) is 
calculated. Let 
XG = XN + XI 
XF = t/(1/XG + 1/XU) 
Then Fault level at A (11.5 kV A Station Bus) is FA = SB/XF MVA 
Using the above equations a digital computer programme FAULT was 
developed to calculate fault levels including the case of one or more 
generators out of service and to allow for future generation extensions. 
The programme can also be used to compute the value of reactance 
required to limit faults to predetermined levels and to study the effect 
of possible future interconnections. 
in Appendix AS. 
4.4.3 Generating Plant Loading Model 
A programme listing is included 
The techniques discussed above can be modified to produce a model of 
conditions within. the generating station complex, that is, the two 
stations A and B together with the interconnecting links between them. 
This model can then be used for planning purposes including not only the 
scale and timing of future reinforcements but also the optimisation of 
the loading conditions on the various sets of busbars. 
The generating plant loading model \s shown in Fi.g. 4 .16 and has 
been derhr"d from Fig. 4.10. 1n order to simplify calculations, 
generators connected to an inaividual bus have been groueed and 
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No.l No.2 No.3 No.4 No.9 No.S No.6 No.7 No.8 
I I 
.J ) 
~ \ , j1.6 j1. 6 j0.792 j0.792 j0.424 ~ j0.598 j0.598 j0.598 j0.424 ~ 
) 
I -;;~;~~ 
STATION 
j0.533 
j0.48 j0.48 
'A' STATION 
j2.64 j2.64 j2.736 j2.4 j2.4 
No 1 No 2 No 6 No 3 No 4 
Fig 4.14 Simplified model of the Enemalta generation system with the 
plant parameters expressed in per un~t and referred to a 
100 MVA base 
No1 No2 No3 No4 No9 
I 
Xl X2 X3 X4 xgt 
j1.6 j1.6 j0.79 j0.79 j0.424~ 
) 
X 
X5 
j0.598 
.r~,..._ 
No5 No6 No7 
I 
X6 XB~ 
j0.598 j0.598 j0.424 f~ 
... 
No 5 
B j0.712 j0.088 R j0.533 D 
Fig 4.15 Further simplified model of the Enemalta generation system 
re-arranged for analysis by a digital computer 
l 
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represented as a single source of apparent power (MVA). The output power 
(MVA) suppl i.ed from each generator group represents gross output i.ncluding 
generation losses·, these losses being the total station losses apportioned 
in proportion to the consumer load on the particular generating group. 
In order to arrive at values of output MVA of the generators a power 
factor of 0.9 lagging has been adopted (see Sections 4.6 and 5.2.2). 
Since the loading on each busbar can be synthesised from the loadings 
of the respective outgoing feeders which in turn are determined from 
the results of a load forecast and load flow analysis, then the generator 
group loading and interbus link loading can also be estimated by summing 
incoming and outgoing MVA values. The results obtained are approximate 
since there may be minor phase differences but they are sufficiently 
accurate for planning purposes. 
For the purpose of i.dentification, the five busbar sections in 
the 'A' and 'B' generating stations are designated throughout this 
report as shown in Fig. 4.16 and as detailed below 
B Station 11.5 kV (Brush) Busbar 
B Station 33 kV (SWS) Busbar 
is designated Bus B1 
is designated Bus B2 
B Station 33 kV (Reyrolle) Busbar is designated Bus B3 
B Station 11.5 kV (Reyrolle) Busbar is designated Bus B4 
A Station 11.5 kV (Statter) Busbar is designated Bus A 
In the model of Fig. 4.16, G1, G2, G3 and GA represent generator 
groups composed as follows 
Group G1 composed of No.l and No.2 steam turbo-generators at B Station 
Group G2 composed of No.3 and No.4 steam turbo-generators at B Station 
Group G3 composed of No.5 and No.6 steam turbo-generators at B Station 
Group GA composed of No.3, No.i and No.5 steam turbo-generators 
and No.6 gas turbine generators. 
The gross capacities CMVA) of the generator groups shown in Fig.4.16 
and represented by SGl' sG2 , sG3 and SGA are based on actual capabilities 
(not installed capacities) as obtained from site surveys. 
s01 • s02 • s 03 and s0A represent the gross output powers (MVAl 
supplied from the generator groups. 
·SL1 ' SLZ' SL3 and SLA represent generation (station plant) losses 
(MVA) on the particular busbars in proportion to loadings. 
s 12 • s 23 • s 34 and s 4A represent the power flows (MVAl in the 
interbus links. 
S81 • s82 • s83 and SA represent the feeder group loadings <external 
loads) ( MVA l 
KEY TO DATA I 
(Read horizontally) 1 
I GROSS GENERATING 1 
CAPACITY (MVA) 
STA liON PLANT 
CONSUMPTION (MVA) 
GROSS GENERATING 
OUTPUT (MVA) 
LINK CAPACITY (MVA) 
LINK POWER 
fLOW (MVA) 
NUMBER Of 
fEEDERS 
fEEDER GROUP 
CAPACITY (MVA) 
EXTERNAL LOADS 
(MVA) 
BUS B1 11.5 kV 
{6) 
37.8 
-S12 
GZ 
SLZ 
BUS BZ 33 kV 
(5) 
98.0 
ssz 
SOLID LINK 
NOTE: All plant ratings and loadings are in MVA 
.' . 
BUS B3 33 kV BUS 84 11.5 kV 
(3) 
17.7 
GA 
'V SGA 
BUS A 11.5 kV 
(8) 
46.0 
Fig ~.16 Model of the generation syste• based on the 1983/~ plant arranga•ent(for use .in the analysis of station plant loading.) 
TOTALS 
(ZZ) 
199.5 
I 
.... 
... 
I 
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The feeder group capacity (MVA), and number of feeders outgoing 
from each busbar, as well as total MVA capacities are included to enable 
comparisons between incoming and outgoing capacities to be made. In 
the model of Fig. 4.16 the plant arrangement shown is that which 
existed during the 1983/4 peak load period. 
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CHAPTER 5 
THE STATE OF THE SYSTEM AS IT EXISTED IN 1983/84 
5.1 Introduction 
Before any planning associated withfue future development of the 
Ene~alta electricity supply system could be carried out it was first 
necessary to assess the existing situation as regards the capability and 
adequacy of the system relative to actual loading conditions, The 
objective in this chapter is to assess the situation at the time of the 
1983/84 winter peak load, which is also adopted as a base line for 
future load predictions. The investigation attempted to identify 
existing and potential problems associated with the quality and security 
of supply and the flexibility of system operation. 
Parametric data compiled on site and system peak loadings for the 
1983/4 winter period75- 76 were utilised in the analysis that follows. 
This analysis, which is aided by a computer programme, seeks to simulate 
both normal operating and outage conditions, The results of this 
analysis are utilised later as a basis for the formulation of alter-
natives for system reinforcement and development. 
The main criteria by which system performance and adequacy are 
evaluated relate to the quality of supply under normal operating con-
ditions and the security of supply level under outage conditions as out-
lined be low. 
1. Circuits and other items of plant are not overloaded beyond 
design limits 
2. Load voltage fluctuations, in particular minimum voltages, 
are contained within acceptable limits (± 6% at consumer 
terminals) 
3. Energy losses in both plant and circuits are not excessive 
(e.g. an upper limit of 3% would be acceptable on the 33 kV 
network). 
The strategy to be followed in this chapter involves the following 
steps 
• 1. Analysis of loadings in relation to the generation capacity 
and the transmission and distribution network capabilities 
2. Investigation of system performance utilising the loading 
pattern and conditions previously obtained in order to simulate 
the system in its various aspects 
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3. Examination of analytical results in order to assess adequacy 
of system performance and to define general or particular 
problems especially those requiring immediate solution .or action 
to be taken. 
4. Suggestions for remedial action. 
5.2 Analysis of System Loading 
5.2.1 Loading on the Generating System 
The total loading on the generating system during the peak load 
period was compiled from log sheets available from the 'A' and 'B' 
Stations77 • The 1983/84 peak load, recorded on Saturday 18th February 
1984 reached a magnitude of 146.5 MW. It is to be noted that in Malta, 
the annual peak loads have always occurred during the winter season 
mainly between January and February. It is also noted that the current 
coils of the station wattmeters, as well as those of the kWh meters 
measuring the energy generated, are supplied from current transformers 
located in the busbar sections that link the terminals of the generating 
units with the main busbars. Since station auxiliaries are energised 
from the main busbars (through transformers) , then the readings of the 
station wattmeters and MWh·meters represent respectively the total 
system power and energy demand including that consumed by the station 
auxiliary plant. The annual energy consumed by the station auxiliary 
plant is determined from readings of energy meters mounted on the control 
panels that supply the various items of the plant. From data made 
47 
available by Enemalta the following statistics apply to the year 1983/4 
(1st October 1983 - 30th September 1984). 
Total energy generated 
Energy consumed in stations 
Energy sent out from busbars 
= 715, 686, 120 kWh 
= 44, 185, 650 kWh 
= 671, 500, 470 kWh 
On the basis of the above data it follows that 
Average power generated = Total ener~ generated = 715,686,120 
Total hours/year 8766 X 103 
System Load factor = Avera2e load 81.64 Peak load = 146.5 
= 81.64 MW 
= o. 557 
Station average annual EnerS!l consumed 44,185,650xl00 = 6 17% loss = = Energy generated 715,686,120 • 
However from data compiled from power station operating log-sheets 
which was recorded at the time of occurrence of. the 1983/4 peak load, 
it is estimated that the consumption of the auxiliary plant in the 'A' 
and 'B' Stations amounted to approximately 8!1W(8.8 MVA) of the total 
power generated (146.5 MW). This loss of 5.46% at peak load compares 
77 
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reasonably with the average value of 6.17% obtained from the annual 
energy loss estimate (equivalent to 5,04 Ill~ (5,6 MVA) relative to the 
average load demand of 81.64.MW (90.5 MVA)), the increase in station 
efficiency between average and peak load being only 0,71%. From the 
above considerations, it was concluded that the peak external demand 
(power sent out) on the station busbars was (146.5 - 8.0) = 138.5 MW 
(154 MVA at 0,9 power factor lagging), This 138.5 MW load includes 
the consumer load plus all· power losses on the transmission and distrib-
ution network. 
5.2.2 Loading on the Transmission and Distribution System 
The objective in this section is to determine the loadings on the 
regional bulk distribution centres and on individual busbars of the 
generating station. In order to obtain the loadings on the generating 
station busbars the loadings on the group of feede5outgoing from each 
busbar were first estimated. The transmission system consists of the 
33 kV feeders and for the purpose of this work, the distribution system 
considered was that section of the 11.5 kV network fed from the gener-
ating station busbars.and the 11.5 kV busbars of the 33/11.5 kV regional 
bulk load distribution centres. 
A knowledge of the loading on the individual generating station bus-
bars enabled the loadings of the generator groups supplying each busbar 
and the loadings of interbus links to be estimated. The loadings on the 
transmission and distribution system were determined from 
1. The available information regarding the known loadings on the 
feeders outgoing from the generating station and the distribut-
ion centres 
2. The estimation and apportionment of these loadings on a regional 
basis. 
A power flow analysis was used to check actual feeder load readings, 
determine load voltages (on the assumption that the transformers at the 
bulk distribution centres were on the centre-tap position) and also to 
investigate system performance under plant outage conditions (or with an 
alternative network topology). 
Tab~e 5.1, 5.2 and 5.3 summarise the transmission and distribution 
system loading situation during the 1983/4 >~inter peak period and include 
the loadings on all 33 kV and 11.5 kV feeders outgoing from the generat-
ing station and the bulk load distribution centres. The loadings on the 
33 kV and 11.5 kV generating station busbars, 33 kV feeders between 
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distribution centres as well as the aggregate loadings on the 33 kV 
transmission system are also included. Thus the total consumer 
load (including network losses) imposed on the generating station busbars 
is given by (88.85 + 65.15) = 154 MVA. This is an approximation based 
on the assumption that all loads have the same power factor, which is 
reasonable in the Maltese situation, since during the peak load, all 
constituent regional loads are mainly composed of heating and lighting, 
resulting in a high power factor (in the region of 0.9). If the load-
ing due to the generating station auxi"liaries, which was estimated to 
be 8 MW (approximately 9 MVA) is added, then the total loading on the 
generating system amounted to (154+9) = 163 MVA. Hence the system 
overall power factor can be estimated"from the summation of the regional 
loadings (MVA) , S and the peak load demand (MW) , P as recorded from MWh 
meter readings (146.5 MW) at the generating station, so that 
OVerall Power Factor= cos~= (P/5)=(146.5/163.0) = 0.8988 ~ 0.9 lag 
Hence the assumption made of a 0.9 overall power factor is justi-
fied. Also since the power sent out from the busbars was estimated to 
be 138.5 MW then at 0.9 power factor the corresponding MVA was (138.5/ 
0.9) = 153.9 MVA which closely agrees with the value of 154 MVA obtained 
from the aggregation of regional loads. 
The size and rating (capacity) of each feeder has been included in 
Tables 5.1, 5.2 and 5.3. These ratings were obtained from data compiled 
63-65 from site surveys and manufacturers' literature It may be readily 
deduced from the tables that four feeders* were overloaded, the worst 
case being that of the 11.5 kV Attard-Mosta Rd feeder with 19.7% over-
loading. An actual overload of 19.7% may be considered surprising, but 
this figure was checked and confirmed by the Enemalta engineers. For 
the 11.5 kV feeder groups outgoing from the generating stations an over-
all spare capacity margin of 55.8% was available. 
Returning to the Tables, the sizes and ratings of the circuits 
quoted are those actually installed, the earlier feeders being supplied 
in Imperial sizes (in2). The feeder loadings obtained from the data 
available were originally recorded as current readings and appear as such 
in the tables but the equivalent MVA loadings have also been calculated 
and included, In the remainder of this work load flows are expressed in 
MVA." 
The 1983/4 system loading situation is depicted in Figs. 5.1, 5.2 
and 5.3. 
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Fig. 5.1 Regional load distribution analysis for the 1983/4 peak period 
MARSA 'A' AND 'B' 
POWER STATIONS 
CAPACITY 177 MVA (159 MW) 
KEY TO DATA I 
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GROSS GENERATING 
CAPACIIY (MVA) 
STATION PLANT 
CONSUMPTION (MVA) 
GROSS GENERATING 
OUTPUT (MVA) 
LINK CAPACITY (MVA) 
LINK POWER 
now (MVA) 
NUMBER Of 
fEEDERS 
fEEDER GROUP 
CAPACITY (MVA) 
EXTERNAL LOADS 
(MVA) 
G1 
25.6 
1.6 
25.6 
BUS B1 11.5 kV 
(6) 
37 .B 
29.2 
G2 
66.6 
3.6 
66.6 
1 X 25 
-5.2 
BUS B2 33 kV 
(5) 
98 .o 
88.85 
NOTE: All plant ratings and loadings are in MVA , 
G3 
66.6 
2.6 
52.6 
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-31.05 
BUS B3 33 kV 
fig 5.2 Generating plant loading analy~ls for the 1983/~ peak period 
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2~.0 
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9.0 
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(22) 
199.5 
15~.0 
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...., 
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Conductor losses = 1.~2~ MW 
Transformer losses = 0.520 MW 
Total losses = 1.9~~ MW 
Percent losses = 2.18% 
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2D.53 
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15.98 ~.26 
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1. All bus voltages (enclosed in brackets) 
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3. Measured MVA flows in the 33kV lines 
(0.973) are underlined 
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Fig 5.3 Perfor•ance analysis of the ~~ kV trans•ission syste•lvlth the 198~/~ network arrange.ant, switching pattern and peak loading l 
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"' I 
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FEEDER DETAILS 
ORIGIN TE~f~IHATJON DES IS, TYPE SIZE RATING 
Ho ln'/• 1 m> MVA 
MSIERAM DC No 1 UGC 0.3 In' 345 19.71 
'B' STATION MSIERAM DC No2 UGC 185 m• 335 19.14 
33kV BUS B2 MOSTA DC No1 UGC 0.3 In' 345 19.71 
TARXIEN DC No I UGC 0.3 In' 345 19.71 
. 
TARXIEN DC No 2 UGC 0.3 In' 345 19.71 
TOTAL BUS B2 
- - - -
1715 97.98 
MSIERAM DC MOSTA DC IC UGC 0.3 In' 345 19.71 
MOSTA DC MELLIEHA DC No1 OOL 0.281n' 354 20.23 
MOSTA DC MELLIEHA DC No2 OOL o .281n' 354 20.23 
TARXIEN DC HALFAR DC No1 OOL 0.281n' 354 20.23 
TARXIEN DC XROBB DC No 2 UGC 300on' 370 21.14 
TOTAL 
- - - -
1777 101.5 
Table 5.1 Loading on 33kV TransMission Systetll and 'B' Station 33kV Bus B2 
FEEDER DETAILS 
ORIGIN TE~f~INATJDN DES I G. TYPE SIZE RATING 
No tn'tnn• AMP MVA 
MOO LOCOSHED No1 UGC 0.251n' 335 6.67 
'B' STATION MARSA SHIP BLDG No2 UGC 240 nrn' 345 6.B7 
11.5kV BUS B 1 PI ETA HSG. EST. No 3 UGC 120 nrn
1 280 5.58 
HAMRUN BARBARA No 4 UGC 0.2 tn• 290 S.78 
QORMI MOINA RD NoS UGC 150 on.! 31S 6.27 
LUQA INTAKE No6 UGC 0.2Sin' 33S 6.67 
TOTAL BUS B1 
- - - -
1900 37.84 
QORMI TAL BLAT No 7 OHL 100 rrrn• 271 S.40 
'B' STATION MARSA LAUNDRY No 8 UGC IBS nrn' 300 5.98 
11 .5k V BUS B4 CORRAOINO OOCK PL No 9 UGC ISO nm' 315 6.27 
TOTAL SUS B4 
- - - -
886 17.65 
TOTAL B STN 11.5kV 
- - - -
2786 5S.49 
HAMRUN ST PAUL No I UGC 0.2 In' 290 5.78 
PORTES OES BOMBES No 2 UGC 120 nm' 280 5.58 
MARSA ASCOT No3 UGC 0.2 tn• 290 S.78 
'A' STATION BLATA BAJDA LEGAN No4 UGC· 0.2 In' 290 S.78 
II.SkV BUS A MARSA SPENCER HILL No s UGC 0.2 In' 290 S.78 
MARSA R.O. No 6 UGC 0.2 In' 290 S.78 
MARSA BRIDGE Wll. No7 UGC 0.2 In' 290 S.78 
MARSA BEZZINA BROS NoB UGC 0.2 In' 290 S.78 
TOTAL 'A' STN 
- - - -
2310 46.04 
TOTAL A&B 11.SkV 
- - - -
5096 101.5 
'' 
PEAK 
LOADING 
., 
N'iP MVA 
285 16.29 ' 
353 20.17 
' 359 20.51 
279 IS .94 
279 15.94 
1555 88.B5 
278 15.88 ' 
161 9.20 ' 
113 6.45 
67 3.83 
92 5.25 ' 
711 40.61 
PEAK 
LOADING 
N'iP MVA 
260 5.18 ' 
218 4.34 
278 S.54 :' 
304 6.06 ' 
190 3.7B 
216 4.30 
1466 29.20 
IBO 3.59 
280 S.58 
140 2.79 
600 ".95 
2066 41 .15 
201 4.01 
15S 3.09 
229 4.S6 
125 2.49 
130 2.S8 
OPEN OPEN 
125 2.49 
240 4.78 
120S 24.00 
3271 6S.IS 
I 
... 
,. 
.. 
Table S.2 Loading on 11.SkV Station Olstrlbutlon Systet> and Buses Bl, 84 and A. 
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FEED£R D£TAILS PEAK 
IHUIGIM TEIIMIIIATION DES I G. TYPE SIZE RATING LOADING 
No In' I•' MP IIVA MP IIVA 
ST JULIAN CLARES Tl·l UGC 0.2 In' 290 5.78 270 5.38 
GZIRA SEWAGE PS Tl-2 UGC 0.2 tn• 290 5.78 164 3.27 
HSIERAN DC SUE* DEPIRO ST Tl-3 UGC 0.2 tn• 290 5.78 205 4.08 
MSIERAN IWIKAR RO Tt-4 UGC 0.2 In • 290 5.78 163 3.25 
HSIOA UNIVERSITT T2-l OltL 100 -· 271 5.40 119 2.3r HSIERAN StlNOOWII T2-2 UGC o.z In' 290 5.78 95 1.89 
.. 
TOTAL HSIERAN 
- - - -
1721 34.3 1016 20.24 
' 
' 
ATTARO HISAAH KOL TI-t OltL 100 -· 271 5.40 36 0.72 
HOSTA TORBA Tl-2 UGC 0.1 In 1 205 4.08. 147 2.93 
RABAT HOSTA RO Tl-3 UGC 0.2 In • 290 5.78 156 3., 
ATTARO HOSTA RO Tl-4 UGC o. I In ' 205 4.08 255 5.08 
HOSTA DC HOSTA PHOENIX A 12-1 UGC 0.1 In' 205 4.08 122 2.43 
IIJSTA PHOENIX 8 12-2 UGC 0.1 tn• 205 4.08 122 2.43 
tllSTA TORRI CIJI180 12-3 UGC 120 1111 1 280 S.SB 122 2.43 
HOSTA NSG ESTATE 12-4 UGC O.t In' 205 4.08 110 2.19 
ATTARO SPARKES T2-S UGC 0.041n • 120 2.39 19 0.38 I 
TOTAL HOSTA 
- - - -
1986 39.55 1089 21.7 
PNALES PUMP STN. Tl·l UGC 185 -· 300 S.SB 132 2.63 ' HELLIEHA GWliRA Tl-2 UGC 120 -· 280 5.58 192 3.82 HELLIEHADC HELLIEHA NEw HILL Tt-1 UGC 120 .... 280 5.68 96 I .91 
HELLIEHA GlAD. BAY T2-2 UGC 
120 -· 280 6.58 280 5.58 MIZIEP PUMP STN. T2-3 UGC 120 ... 280 5.68 60 1.20 
TOTAL HELL IEHA 
- - - -
1420 28.3 760 15.14 
TOTAL NORTH WEST 
- - - -
5127 102.1 2865 57.08 I 
' 
FGURA ST TH04AS TI-t UGC 0.2 tn • 290 5.78 OPEN OPEN I 
LUQA AIRPORT Tl-2 UGC 0.2 In' 290 5.78 236 4.70 
ST LUCIA GLAOJOLI Tl-3 UGC 0.2 In' 290 5.78 96 I .91 
BULEBEL No 5 Tl-4 UGC 0.2 In' 290 5.78 68 1.35 
FGURA COSPICUA RO Tl-5 UGC 0.2 In • 290 5.78 171 3.4 I 
TARXIEH DC TARXIEN LAHZON T2-l UGC 0.2 an• 290 5.78 OPEN ' OPEN 
KIRKOP GIE T2-2 UGC 0.2 tn • 290 5.78 219 4.36 
ZEJTUN GIIIEOI T2·3 UGC 0.2 In' ·290 5.78 110 2.19 
ROTOS ZIRAIA T2·4 UGC 0.2 In • 290 5.78 110 2.19 
ZEJTUN BUGWIB T2-5 UGC 0.2 In • 290 5.78 158 3.15 
FGURA STEEL HILL T2-6 UGC 95 m' 205 4.08 24 0.48 
TOTAL TARXIEN 
- - -
-
3105 61.88 1192 23.74 
HALFAR OC HALFAR INO. EST. TI-t OHL 1001111 1 271 5.40 193 3.84 
HALFAR FOUHilRY Tl-2 OHL too .. • 271 5.40 7 o. 14 
TOTAL HALFAR 
- - - -
542 10.80 200 3.98 
' 
XROBB DC DEUTSCNE WELLE TI/T2 UGC 0.2Sin 1 335 6.67 264 5.26 
TOTAL SOUTH EAST 
- - -
-
3982 79.35 1656 32.98 
TOTAL OIST. CENT. 
- - - -
9109 181.5 4521 90.06 
Toble 5.3 Loading on Reglond 33/11.5kY Bulk Power Distribution Centres. 
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5.2.3 Loading on the Regional Distribution Centres 
The peak loadings on the six 33/11.5 kV regional bulk power distrib-
ution centres and the associated transformers can be ·deduced from 
Table 5.3 and are shown in Figs. 5.1 and 5.2 and summarised below. 
Msierah DC - Total 20.24 MVA with Tl loaded at 15.94 MVA and T2 loaded 
Mosta DC 
at 4.26 MVA 
- Total 21. 70 MVA with Tl loaded at 11. 84 MVA and T2 loaded 
at 9.86 MVA 
Mellieha DC- Total 15.14 MVA with Tl loaded at 6.45 l{VA and T2 loaded 
at 8.69 MVA 
Tarxien DC- Total 23.74 MVA with Tl loaded at 11.87 MVA and T2 loaded 
at 11.87 MVA 
Xrobb DC - Total 5.26 MVA with Tl loaded at 2.63 MVA and T2 loaded 
at 2.63 MVA 
Halfar DC - Total 3.98 MVA with Tl loaded at 3.98 MVA (only one trans-
former). 
The loadings on the two transformers located at Tarxian DC and XrObb 
DC are equal since the bus couplers on both the 33 kV and the 11.5 kV 
sides were in the 'CLOSED' position forcing the two identical trans-
formers to operate in parallel and share the load equally. 
In the case of the Tarxien D.C. only, the two incoming 33 kV 
feeders are identical in length and size and it can also be noted from 
the tables that with the bus coupler at Tarxien DC closed, these feeders 
share the load equally. It is also interesting to note that the peak 
load demand on the north-west region of the islands amounted to 57.08 MVA, 
that onthe south-east region to 32.98 MVA whilst that for the central 
(generation station) region which is supplied directly from the 11.5 kV 
station busbars amounted to (24.00+29.3+11.95) = 65.15 MVA. 
5.2.4 Loading on Individual Station Busbars, Generator Groups and 
Interbus Links 
The peak loads imposed on the individual station busbars A, Bl, B2 
and B4 are obtainable from Table 5.3 and are summarised in Fig. 5.2 and 
below 
Bus A (A Station) 11.5 kV 24.00 MVA 
Bus Bl(B Station) 11.5 kV 29.20 MVA 
Bus B2(B Station) 33 kV 88.85 MVA 
Bus B4(B Station) 11.5 kV 11.95 MVA 
Hence the total power sent out from the generating station busbars 
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to the consumers amounts to 
(24.00+29.20+11.95+88.85) = 154 MVA 
Adding the loading due to station plant consumption (estimated at 
9 MVA) to the consumer demand brings the total power generated to 
(154+9) = 163 MVA. 
The station plant consumption can be distributed among the five 
station busbars in proportion to the loading of the generator group 
connected to a particular bus. A knowledge of individual busbar 
loadings, generator capacities and station plant losses was acquired 
to enable the loading of individual bus links to be estimated. The 
capacities of the generators in service and the station losses during 
the loading period were obtained from the station operating log. How-
ever for studies of future situations this information was based on 
load predictions. 
The model shown in Fig. 5.2 represents the generating plant loading 
situation during the 1983/4 winter peak period. The capacities of the 
generator groups shown represent the gross capabilities based on practi-
cally obtainable values. For example, although generators No.l and 
No.2 at 'B' Station are each nominally rated at 12.5 MW, it has been 
found that, for reasons of reliability, the maximum loading on each 
unit should not exceed 11.5 MW (or 13 MVA at 0.9 power factor). This 
is also applicable to the older plant at 'A' Station where for the four 
machines of total rating 20.7 MW that were available, an output of 
approximately 16.5 MW (18 MVA at 0.9 pf) was the practical maximum that 
could be obtained during the 1983/4 peak load period. These problems 
of loss of generating capability (mainly due to a reduction in efficiency 
and reliability as the plant grows older) are taken into account in the 
planning analysis for future years (Chapters 8, 9). 
With generator groups Gl, G2 and GA operated at maximum permissible 
output then from Fig. 5.2 
Power flow in link Bl-B2 = (24.6-29.2) = -4.6 MVA (flowing from Bus B2 
to Bus Bl) 
Power flow in link B2-B3 = 62.7-(88.85+4.6) 
Power flow in link A-B4 = (17-24) 
Power flow in link B3.B4= (11.95+7.0) 
= -30.75 MVA (flowing from Bus B3 
to Bus B2) 
= -7.0 MVA (flowing from Bus B4 
to Bus A) 
= 18.95 MVA flowing from Bus B3 
to Bus B4) 
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Output of generator Group G3 = (30.75+18.95) = 49.70 MVA 
From Fig. 5.2 it is also possible to compare the loading of any 
of the four feeder groups relative to its capacity as well as the total 
external load imposed on the station busbars (154 MVA) relative to the 
total transmission capacity (199.5 MVA) and net generating capacity 
(177 ~!VA). This enables the performance of the station plant and 
feeder groups to be assessed. 
5.3 Analysis of System Performance 
Having determined the loadings on the generation, transmission and 
distribution sub-systems the next stage is to analyse and assess the 
Enemalta electicity system performance in relation to these loadings 
under both total plant availability conditions and plant outage con-
ditions. The performance criteria applied and the constraints imposed 
have been stated in Section 5.1. 
5.3.1 System Performance Under Total Plant Availability Conditions 
In this context total plant availability implies that all installed 
plant which has not been scrapped or mothballed is considered in the 
assessment. However it is possible that a part of the plant may at 
some time be unavailable due to routine maintenance, minor repairs,etc, 
5.3.1.1 Generating System Performance 
The total loading on the generating system, comprising the consumer 
and .the station auxiliary plant load has been estimated to be 163 MVA, 
whereas the maximum gross generating capability is estimated on the basis 
of available data for the 1983/4 peak period to have been 177 MVA. In 
this estimate the practical maximum capability of 177 MVA has been 
arrived at after taking into account the physical condition of the plant 
and the degree of preventive maintenance being carried out. 
The generating plant available during the 1983/4 peak load comprised 
No.3, No.4, No.5 and No.6 generators at 'A' Station (Bus A) gross capabil-
ity 16.5 MW (18.2 MVA) 
No.l and No. 2 generators at 'B' Station (Bus Bl) - gross capability 
23.0 MW (25 .6 MVA) 
No.3 and No.4 generators at 'B' Station (Bus B2) - gross capability 
60.0 MW (66 .6 MVA) 
No.5 and No.6 generators at 'B' Station (Bus B3) - gross capability 
60.0 MW (66 .6 MVA) 
resulting in a total gross generating capability of 159.5 MW or approxi-
-as-
mately 177 MVA at 0,9 power factor lag, 
It is to be noted that the active generating power capability (~M) 
is the critical quantity to be considered when assessing the true gener-
ating capability in the case of Malta. At full ~ output all generators 
installed are capable of being operated at 0.85 power factor which is 
lower than the value of the peak load power factor. This implies that 
the MVAR demand at peak load is capable of being supplied by the gener-
ating plant. 
Defining the generating plant margin as 
(!1aximum Gross Power C-enerated -Maximum Load Demand) /Maximum Load Demand) 
'x lOO and substituting the above values gives 
Generating Plant Margin= (177-163)/163 x lOO= 8.59% 
Although the available generation was just sufficient to supply the 
peak load demand imposed upon it, the generating plant margin is however 
considered to be low by any standards (for example 28% in the case of 
UK) 79 • Hence the situation as regards the generation aspect can hardly 
be considered to have been satisfactory, implying that the installation 
of additional plant becomes an urgent necessity requiring immediate 
action to be taken. 
5.3.1.2 Generator Group, Station Interconnector and Interbus Link 
Performance 
The analysis carried out in the previous section has indicated that 
the generating capability of the 'A' and 'B' Stations was just sufficient 
to cope with the 1983/4 peak load, but with only a small capacity margin 
to spare. From Fig. 5.2 it is seen that none of the generator groups Gl, 
G2, G3 and GA was overloaded, and in fact the spare capacity of (62.7-
49.7) = 13 MVA could have been transferred to the other generator groups. 
As may be verified from Fig, 5.2 none of the four interbus links was 
overloaded. In fact under total plant availability conditions there was 
a large spare capacity margin in respect of all four links. Hence the 
situation with regard to these plant items under total plant availability 
conditions was considered satisfactory relative to the 1983/4 peak load, 
5.3.1.3 Transmission and Distribution Network Performance 
As regards the overall performance of the transmission and distrib-
ution network it can be seen that whilst the 1983/4 peak load attained a 
value of 154 MVA, the maximum total capacity of all the feeders outgoing 
from the generating stations during the same period as estimated from 
Tables 5.1 and 5.2 was 199.5 MVA. This implies a spare capacity margin 
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of (199.5-154,0)/154.0 X lOO = 29.5%, (This includes consideration of 
No.6 11.5 kV feeder outgoing from 'A' Station which has a sealed end but 
which could be utilised in the future) , This spare capacity margin is 
hardly adequate, given that one 33 kV feeder outage would result in a 
loss of 20 MVA (approximately 12.6%) capacity. Peak loads on individ-
ual feeders do not coincide exactly at the same time due to load 
diversity, implying that a further spare capacity margin must be allowed 
for in addition to the 'normal' spare margin allowed for outage con-
ditions. 
The next step is to analyse the performance of the generating station 
outgoing feeders as grouped and connected to individual busbars. Whilst 
in the case of the 11.5 kV feeder groups the overall spare capacity 
margin is 55.8%, that of the feeder group supplied from Busbar B2 is only 
10.3% which is considered as unsatisfactory for the reasons suggested 
above. This implies that a problem can be identified in the case of the 
33 kV transmission network. The spa~e capacity margins for the three 
11.5 kV feeder groups supplied from Busbars A, Bl and B4 are respectively 
91.7%, 29.6% and 47.7% which is considered to be generally adequate. 
Considering now the performance of individual feeders, it is seen 
from Tables 5.1 and 5.2 that three outgoing feeders including two 33 kV 
feeders (Msierah No.2 and Mosta No.l) supplied from Busbar B2 and one 
11.5 kV feeder (No,4)supplied from Busbar Bl, were slightly overloaded by 
about 5%, whilst two other 11.5 kV feeders (No.3 fed from Bus Bl and No.S 
fed from Bus B4) reached almost full load. A study of the tabulated 
results also reveals that one major serious problem is that, on some 
feeders, the spare capacity is very large (for example, most of the 
feeders supplied from Bus A) whereas for others (such as No.3 on Bus Bl, 
No.S on Bus B4 and No.S on Bus A) the spare capacity margin is comparat-
ively low. This suggests that some transfer or redistribution of loads 
between feeders is necessary in order to relieve the highly loaded 
sections. 
As regards the 11.5 kV network, particularly the groups of feeders 
outgoing from the 33/11,5 kV distribution centres, it is seen from 
Table 5.3 that there was overloading of only one feeder (Tl-4 feeder out-
going from Mosta DC) out of a total of 34. Table 5.3 also shows that 
the spare capacity margin on these feeder groups is adequate, but some 
load transfers among these feeders would further improve the situation. 
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5.3.1.4 Assessment of the 33 kV Network Performance 
In the case of the network performance relative to the 1983/4 peak 
load and particularly that of the 33 kV network now being considered it 
so happens that both the system loadings and the network·branch currents 
are obtainable from actual measurements made during the peak period in 
·question. These measurements were recorded from the readings of 
ammeters installed on the switchboards supplying the respective feeders. 
The feeder currents were thus obtained directly whilst the load currents 
were obtained indirectly by summation of the current readings on the 
individual circuits. 
Because both load and branch currents have already been determined, 
it could be argued in this case, that a power flow analysis is not 
necessary in order to assess the network performance. Nevertheless, 
this analysis was in fact carried. out because of the following reasons. 
1. It enabled a comparison to be made between the values calculated 
from the network model and the values obtained from actual measurements 
and it thus tested the adequacy of the model adopted. 
2. Tb some extent it confirmed the validity of the assumptions made. 
3. It provided for other quantities which were not aetu<ill_ymeasured 
to be evaluated such as for example, node (bus) voltages, voltage drops, 
network losses and efficiency so providing a more comprehensive picture 
of the situation. 
Using the 33 kV network model and computer programme a power flow 
analysis was carried cut, the results being shown in Fig. 5.3. The 
known loads on the distribution centres were fed into the programme 
input together with the voitage of 33,000 /0° V (1.0 /cPpu) on Bus B2 
which was designated as the reference bus, since all the existing 33 kV 
feeders emanate from it. The 33 kV feeder network was sectionalised 
into simpler (radial, ring or parallel) circuits, this being made possible 
because of the particular structure of the Maltese 33 kV network. In 
the network of Fig. 5.3 the switching arrangement as it existed during 
the 1983/4 peak load was maintained. However in order to study 
further the effect of altering the network topology through a different 
switching arrangement, an additional power flow analysis was conducted 
with all the switches (bus couplers) in the distribution centres in the 
'CLOSED' position as shown in Fig. 5.4. This served to highlight the 
effect of operating'feeders with.different impedances in parallel, and 
the limitation of such an arrangement as exemplified by the power flows 
in the Msierah feeders. 
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In Figs. 5.3 and 5.4 all flows have been expressed in MVA and all 
voltages in per unit. All the 33 kV feeder circuits have a nominal 
continuous maximum rating of 20 MVA. In this analysis the effectsof 
on-load tap changers have been ignored in order to provide a picture of 
the voltage profile situation that would have been· obtained in the worst 
case condition. 
From the power flow analysis conducted it is noted and may be con-
cluded that· 
1. The measured and computed values of flows are in reasonable 
agreement, the largest discrepancy being approximately 0.9%. This is 
mainly due to the assumption made above with regard to the tap-changers, 
to small differences between the true and adopted parameters and in-
accuracies in the meter readings. It must also be noted that the 
readings involved were not all taken at exactly the same instant. of 
time. The model adopted was therefore considered to be adequate for 
the purpose of the planning process, the errors involved being certainly 
less than those which can be expected to arise from the load forecasting 
procedure (Chapter 6). 
2. Using the actual switching pattern the 33 kV network performance 
can hardly be considered satisfactory since although the overall capac-
ity of the network was· marginally higher (9.3%) than the peak load 
imposed, the loadings on the No.2 Msierah and No.l Mosta feeders were 
slightly in excess of rated capacity (see Table 5.2) • The lowest bus 
voltage occurred at Mellieha (total drop 6.07%), which is within the tap-· 
changing range (+5.0% to -10%) of the transformer. When the analysis 
was extended to the 11.5 kV network supplying the island of Gozo,it 
indicated that the voltage drop was 17.45% below nominal. 
fies a serious problem. 
This identi-
3. The analysis wi~h the switching arrangement shown in Fig. 5.4 
reveals that the network performance would be unsatisfactory since some 
feeders (e.g. one of the two Msierah circuits) would be loaded beyond 
rated capacity. This also applies to the No.l Mosta feeder and implies 
that there is a constraint on the number of switching combinations per-
missible. The different situations arise from the conditions (open or 
closed) of the three bus couplers at Msierah, Mosta and Mellieha respect-
(23) possible combinations and each of these ively. There are eigh!; 
was tested. The optimum situation was found to occur when all the 
three bus couplers at Mosta, Msierah and Mellieha are open (as they were 
in fact operated) as shown in Fig. 5.3. It was confirmed that this 
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combination produced the· lowest loading on the highest loaded feeder. 
Opening or closing the bus coupler at Tarxien did not make any differ-
ence since the two Tarxien feeders have identical impedances. 
5.3.1.5 Assessment of Performance of the Distribution Centre Trans-
formers 
Under total plant availability conditions, Fig. 5.3 shows that none 
of the 11 station transformers was overloaded during the 1983/4 peak 
period. In terms of overall performance the total peak load on the 
transformers amounted to 90.06 MVA as compared to the total installed 
capacity of 170.1 MVA, this corresponding to an overall plant capacity 
margin of 88.3%. As regards individual performances, the worst loading 
conditions occurred on the two Tarxien transformers where a capacity 
margin of only 26.4% was available. Lightest loading occurred on the 
Halfar transformer where the capacity margin was 465%. With the 
11.5 kV bus couplers maintained in the position shown in Fig. 5.3 it 
can be noted that the loading on the two Msierah transformers is un-
balanced. Hcwever with the existing switching arrangement, equalising 
the load on the two Msierah transformers implies an increase in loading 
of.Feeder No.2 which is already overloaded. On the other hand closing 
the 33 kV bus coupler at Msierah forces the two feeders to operate in 
parallel resulting in an excess overloading of the (lower impedance} No.l 
feeder. Furthermore if the Msierah-Mosta interconnector is opened this 
will enable the Msierah transformer to be loaded up to 20 MVA (that is 
up to the capacity of the 33 kV supply feeder} but this implies that the 
load relieved from No.2 Msierah feeder will then be transferred to the 
Mosta feeder which will now have to carry a load of approximately 36 MVA. 
This situation is also unacceptable. One possible remedy would be to 
install a new 33 kV 20 MVA feeder between 33 kV Bus B2 at 'B' Power 
Station and Mosta. 
5. 3. 2 Assess~ent of System Performance Under Plant Outage Conditions 
The final stage of this analysis was to study system performance 
under plant outage or non-availability conditions. The different com-
binationsof outages can be many and widely varying. Since it is impos-
sible to consider all combinations only a selected number were considered. 
An arbitrary but reasonable assumption adopted was that only one major 
item of plant was unavailable at any one time. Such an assumption for 
defining the level of security of supply under plant outage conditions 
has been based on past experience of the Enemalta Power Station operation. 
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In the absence of operational data from Enemalta as regards plant outage 
rates, it is considered justifiable to adopt British practice recommend-
SO 81 
ations on standards of security of supply as a reliable guidance ' • 
Here it is recommended that for maximum demands of 15 MW or over (Class A 
supply) firm supplies should be provided such that continuity of supply 
is unaffected by a fault or by taking out of commission one item of 
plant forming part of the system over which the supply is afforded. On 
the other hand it is also realised, that as station plant increases in 
complexity and various items (especially those installed as second-hand) 
continue to age, coupled with the tendency to economise in maintenance 
costs, then the above assumptions may be open to argument. 
5.3.2.1 Outage of the Generating Plant 
Although there were no unpredicted outages of any generating plant 
during the 1983/4 peak period, it is useful to examine the situation in 
the event of such outages. On the assumption that only one unit may 
become unavailable at any time the worst case that can be considered is 
the failure of the largest unit, in this case one of the four 30 MW 
(33 MVA) generators (No.3, No.4, No.S and No.6) installed at the 'B' 
Station. 
The 1983/4 peak load on the generating system was 146.5 MW (163 MVA) 
whereas the gross generating capacity available amounted to 159.5 MW 
(177 MVA) implying a generating capacity margin of only 8.59%. Although 
the gross generating capacity was sufficient to meet the peak load 
imposed it is however essential that the generating capability is 
adequate to cope with the plant failure or outage conditions. The 
situation is catered for by defining the Firm Capability as the installed 
plant capacity less the rated output of the largest generating unit. In 
this case the Firm Generating Capability works out to be 
Firm Generating Capability = (159.5-30) = 129.5 MW or 144 MVA at 
0.9 power factor 
Thus the Firm Generating Capability was less than the peak load 
(163 MVA) • 
Considering now the outage of individual generating sets and 
referring to Fig. 5.2 then 
1. Failure of any of the four sets in either generating group G2 
or G3 would have reduced the net generating capability by 31.3 MVA to 
135.7 MVA, implying that the consumer load demand (154 MVA) would have 
been in excess of supply. This would have led to the suspension of 
service to part of the consumers, with the possibility of a chain of 
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failure of other generating sets and a corresponding interruption of 
supply to the whole or most of the island. 
2.. Failure of one of the sets in Group Gl would have reduced the 
net generating capability by 12.3 MVA to 164.7 MVA, just sufficient to 
balance the load demand. This would have had no noticeable effect on 
the loading of any of the interbus links. 
3. Failure of any one of the sets in Group GA (at 'A' Station) 
would have implied a loss of generation of a maximum of 5 MVA but this 
would not have caused any serious problem. Neither of the interbus 
links B3-B4_and B4-A affording the necessary transfer of power from G3 
to G4 would have been overloaded. 
It can thus be concluded that the main generation problem is a lack 
of Firm Capacity, implying the need for the installation of additional 
generation. This problem will be further discussed in Chapter 7. 
5.3.2.2 Outage of Generating Station Interbus Links 
Referring again to Fig.5.2 and considering each link in turn then 
1. Failure of Link Bl-B2 would have completely isolated generating 
Group Gl from the remainder of the generating system. Since load 
demand on Bus Bl (29.2 MVA) was in excess of the capability of Gl 
(24.6 MVA) this would have implied a shortfall of 4.6 MVA. Because of 
the absence of a duplicate link a transfer of power (4.6 MVA) from the 
other busbars through the existing 11.5 kV interconnections within the 
distribution network would have been necessary. It is anticipated 
that this could have been coped with by rearrangement of the 11.5 kV 
network through load transfers. 
2. Failure of Link B2-B3 would have caused a very serious problem 
since the total load (29.2+88.5 = 118.05 MVA) would have exceeded the 
available generation (62.7+24.6 = 87.3 MVA) by 30.75 MVA, and it would 
have been impossible to supply all this load by transfer through inter-
connections within the 11.5 kV distribution network. 
3. Failure of Link B3-B4 would cause a similar problem to that 
described in (2) above but it would be less serious since the shortfall 
would now be 18.95 MVA. Because of the absence of a duplicate inter-
connector any power transfer to the network now supplied only from GA 
(17 MVA) would have to be provided through the 11.5 kV interconnections 
the capacity of which is very unlikely to be sufficient to cope with 
this load. 
4. Failure of Link B4-A, which is a duplicate link, would have 
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implied that had one of the links failed, there would have been 
sufficient capacity on the remaining one, to. enable it to cope with 
the 7 MVA transfer. 
The above analysis leads to the following conclusions 
Either (a) Link Bl-B2 and B3-B4 should be duplicated 
or (b) Link B3-B4 should be duplicated and an interconnector of 
about 10 MVA capacity be added between Bus Bl and Bus A. 
5.3.2.3 Outage of Transmission and Distribution Circuits 
There are 10 circuits in the 33 kV transmission system and 51 
circuits in the 11.5 kV distribution network (i.e. circuits outgoing 
from the power stations and distribution centres). Consideration of 
all outage possibilities is time consuming and thus only those which 
were considered to be most important, in particular the 33 kV circuits 
were investigated. Outage of any of the 33 kV circuits 'implies a 
capacity loss of 20 MVA whereas the unavailability of one of the 11.5 kV 
feeders would mean a capacity loss of about 5 to 6 MVA. 
Referring to Tables 5.1 and 5.2 it is first observed that the total 
estimated capacity of the five 33 kV feeders outgoing from 'B' Station 
is approximately 98 MVA, implying a firm capacity of (98-20) = 78 MVA. 
However since the 1983/4 peak loading on these feeders reached approxi-
mately 89 MVA, the outage of any one of the five feeders would have 
caused a shortfall of (89-78) = 11 MVA in transmission capacity. This 
leads to the conclusion that the 33 kV transmission network is weak. 
Transfer of part of the 11 MVA shortfall to the 11.5 kV network would 
have been possible, but in the state in which the 11.5 kV network 
presently exists (lack of strong interconnecting links between most 
regional distribution-centres) such load transfer would have involved a 
complex switching procedure. Hence load transfer especially through 
manual switching operation, does not appear to be the best solution and 
should only be used as a last resort. Providing an adequate capacity 
margin would, in the long term, appear to be the better solution. As 
regards the loss of any one of the 11.5 kV feeders, such loss is a less 
serious problem. The total capacity margin on the 11.5 kV feeders out-
going from the generating station is (101.5-65.2) = 36.3 MVA or 55.7%. 
Hence the outage of one 11.5 kV feeder (say 6 MVA) can in general be 
tolerated even though in all cases some switching alternatives would be 
necessary. 
It is to be noted that the outage of any one of the 33 kV or 11.5 kV 
feeders would have caused no overloading in any of the generating groups 
or interbus links. 
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The effect of individual feeder outages is considered below. 
5.3.2.4 Outage of One of the Two 33 kV Tarxien Feeders 
These two feeders are identical in length, cross-sectional area and 
hence in impedance, During the 1983/4 peak load period the two circuits 
were operated in parallel, sharing the load equally, The peak load on 
the two together reached 31.88 MVA, If one of these feeders were to.be 
out of service there would have thus been no possibility of the total 
load being carried by the remaining:healthy circuit. The shortfall in 
capacity would have been (31.88-20) = 11.88 MVA. The only way that 
part of this transfer could be achieved in a reasonable time is through 
the 11.5 kV network. It is most probable that before such transfer of 
load could be realised, the remaining feeder would trip almost instantly 
due to the extra load imposed on it, It is also to be noted that there 
is no existing 33 kV link between the south-east section and the north-
west section of the network and any load transfer between the two is 
limited to the extent of about 8 MVA through the 11,5 kV network. 
Thus the outage of one of the Tarxien 33 kV feeders would lead to the 
suspension of supply to a large part of the south-east region of the 
island, suggesting the need for reinforcement, or transfer of load so as 
to limit the peak load on each feeder to about 22.4 MVA, assuming that 
a cyclic rating of 112\ of capacity is possible, 
5.3.2.5 Outage of One o·f the Two 33 kV Msierah Feeders 
With the switching arrangement adopted during the peak load period, 
outage of No.l Msierah feeder would have caused an interruption of 
supply to the load fed through Msierah T2 transformer, implying a loss 
of about 16 MVA. The closing of the Msierah 33 kV bus-coupler in an 
attempt to restore supply would then have caused further overloading on 
the No.2 Msierah feeder which would have then been forced to carry an 
extra 16 MVA. 
overloading, 
This would imply tripping of No.2 feeder as well, due to 
If the outage had involved No,2 Msierah feeder and the 33 kV Msierah 
bus coupler were again closed a similar overload problem would have 
resulted, Closing the 33 kV bus coupler at Mosta D,C, would again have 
created a similar problem. 
With the outage of No.l or No.2 feeder a suggested solution would 
be to leave both 33 kV and 11.5 kV Msierah bus couplers open and attempt 
to supply part of the 16 MVA load through the 11.5 kV network. Only 
; 
-95-
approximately 6 to 8 MVA transfer is likelytohepossible through inter-
connections. 
5.3.2.6 Outage of the 33 kV No.l Mosta Feeder 
Under total plant availability conditions No.l Mosta feeder was 
loaded to just over its full load capacity of 20 MVA (20.5 MVA). With 
the switching arrangement that was adopted (all 33 kV and 11.5 kV 
bus-couplers at Msierah, Mosta _and Mellieha open) outage of the Mosta 
feeder would have resulted in a loss of supply to the 11.84 MVA load at 
Mosta and the 8.69 MVA load at Mellieha (which mainly consists of the 
supply to Gozo Island) • Again closing any of the four 33 kV and 
11.5 kV bus couplers at Mosta and Mellieha would not have provided a 
solution since it would have caused tripping of the No.2 Msierah 
feeder due to overloading. Again a suggested partial solution would 
be to leave all bus couplers open and try to transfer a probable 6 MVA 
of load through the 11.5 kV network interconnections. 
5.3.2.7 Outage of One of the 11.5 kV Feeders 
The outage of any one of these feeders typically involves a loss 
of load of about 5 MVA. However this would only cause a minor problem, 
since the load loss would be more localised and the comparatively small 
size of such a load allows its transfer to other sections without 
creating serious problems. 
5.3.2.8 Outage of one of the 33/11.5 kV Distribition Centre Trans-
formers 
Except at Halfar D.C. two identical transformers are provided at 
each Distribution Centre. ~he outage of one of the units would imply 
that all its load would have to be transferred to the other. The sit-
uation would be improved if a 130% cyclic rating is adopted for the 
82-83 transformers • Thus for example the Tarxien transformers may each 
be loaded to 1.3 x 15 MVA = 19.5 MVA for about two to three hours 
coinciding with the peak load interval. Thus for example if one of 
the Tarxientransformers (on which the total peak load reached 23.7 MVA) 
were to fail, then, the loading of the healthy transformer to 19.5 MVA, 
would leave (23.7-19.5) = 4.2 MVA to be transferred to other circuits 
through the 11.5 kV interconnections, this being a possible solution. 
Since the Tarxien transformers represented the worst loading case the 
above solution is likely to be viable to the other distribution centres 
except Halfar where only one transformer is available. In fact the 
loads at Msierah, Mellieha and Xrobb load centres were all below the 
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rating of one transformer. 
5.4 Conclusions and Suggestions 
The assessment carried out above leads to the following conclusions and 
suggestions:-
!. Generation capability was just sufficient only under total plant 
availability conditions. With the outage of one of the large (30 MW} 
units the generation system was unable to provide a Firm Capacity 
implying that the generation is insufficient to cope with such a con-
tingency. Immediate action for the addition of at least 30 MW of 
generation is thus necessary. 
2. The capacity of the four. power station interbus links was found 
to be adequate under total plant availability conditions but outage of 
any of the two transformer links would cause an interruption of supply to 
consumers. Duplication of Link B3-B4 would solve this problem. 
3. The capacity of the 33 kV transmission system under total plant 
availability conditions is barely sufficient. Under outage conditions 
there is notsufficient capacity margin to provide a secure supply. Steps 
should be taken to temporarily transfer about 10 to 12 MVA of peak load 
from the 33 kv network to the 11.5 kv network until new 33 kV feeders 
(the installation of a 33 kV 20 MVA No.2 Mosta feeder is suggested} are 
installed. 
4. Steps should be taken for a redistribution of loads within the 
11.5 kV distribution network to relieve those circuits with excess or 
high loading, 
In addition to the loading analysis described above it was thought 
advisable to investigate the switchgear situation (fault rating capacity} 
and therefore a study of fault levels was carried out using the computer 
programme FAULT. The fault levels were calculated at selected strategic 
points, A, B, o, R and s on the generating busbars as shown in Figs. 4.14 
and 4.15. The fault level values obtained were respectively 260.1 MVA, 
240.7 MVA, 260.1 MVA, 724.2 MVA and 724.2 MVA. It is noted that the 
fault levels obtained are well below the short circuit MVA ratings of the 
respective switchgear except that at pointA which is in excess by (260.1-
250} = 10.1 MVA (4%}. However the fault level situation is still con-
sidered to be acceptable, since the approximations involved in the cal-
culation (resistances of generators, transformers and lines were neglect-
ed}, give in practice, a safety margin. 
6.1 Introduction 
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CHAPTER 6 
LOAD FORECASTING 
Prior eo the planning of the future development and expansion of 
an existing power system an estimate of the load re~irements likely to 
be imposed on the system within the planni~g period, which could be 
up to several years ahead, will have to be obtained. Such an estimate 
of future load is referred to as load forecasting and generally 
constitutes the first stage in the planning process. Essentially load 
forecasting provides one way of defining planning objectives and should 
aim to predict the quantity and quality of electricity to be supplied to 
a specific number and type of consumer over a specified period of time. 
Because of uncertainties that lie ahead it becomes an j~ossible 
task to foretell the future with any absolute degree of accuracyandhence 
the problem of load forecasting is ljkely to be one of the most difficult 
w~thin the planni~g process. To ease th i.s prob l.em and minimise as much 
as possible the effect of error~ due to uncertainty, various approaches 
to load forecasting have been devised, their adoption and apolication 
to a specific situation usually depending on the planning purpose and 
time scale beinq considered. The scenario approach is one whtch promises 
to offer the best solution to the problem of uncertainty. 
'rhe purpose of this chaJ?ter is to survey the h i.storical appro<.chP.s 
to load forecasting with the final objective of selecting Qnd a6oor ~o 
if necessary with modifications, those which promise to be most suitable 
for use in planning the future development and exoansio~ of the Maltese 
electricity supply system. 1n general a knowledge of both maximum 
demand and energy requirements is needed for effective system planning. 
Demand forecasts are required in order to determine the generation 
transmission and distribution system reinforcements whereas eneray 
forecasts provide a basis on which to determ~ne the type of future 
generation required (base or peak lopping), the type and quantity of 
energy source (coal, oil) and the fuel mix. From the economic vtewpoin't 
load forecasts are also useful .in establishing future requ~rements for 
capital investment, procurement and expenditure. 
To the supply ?.Uthority the accuracy of forecasting is imporcant 
since it diccaces the cimin~ of major system reinforcements and 
additions. Forecasts th-9.t are too high can lead to se~ious financial 
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problems due to premature investment associated with the installation 
of plant that will not be fully utilised. on the other hand forecasts 
that are too low can lead to costly power shortages and interruption of 
supply to consumers amounting to financial loss as well as a loss of 
public confidence. A satisfactory load forecast should. provide 
projected load requirements with sufficient. accuracy to enable tmportant 
system reinforcement and expansion decisions to be made at the right time. 
It must however be recognised that it is impossible to rely strictly 
on analytical procedures to obtain an accurate forecast. The accuracy 
and hence the decisions to which it leads will necessitate personal 
judgement that in turn calls for a range of skills and knowledge in 
addition to the techno-economic appraisals normally carried out during the 
planning process. 
6.2 Survey of Load Forecasting Methodology 
Before the onset of the world energy crisis of 1973/4, planning of 
system development and expansion was generally undertaken on the basis 
of an historically based forecast (e.g. 7% annual load growth) which had 
in the oast provided an acceptable level of reliability and economic return. 
In Malta, the traditional approach adopted has generally been based 
on the philos.oohy that service to the consumer is more important than 
the maximisation of profits because electricity is regarded as an 
essential and valuable service owed to the people. However the onset 
of the energy crisis and the soaring fuel prices forced such a philosophy 
to be reviewed. It is now being recognised that minimum investment 
and operating costs, energy saving and load management are also imp,rtant 
factoxs which must be considered very seriously. 
Various approaches and techniques have been proposed in the literature 
on the topic of load forecasting and estimating29 ' 84 The methods 
suggested for short term operational forecasting are not relevant to 
the planning context 
techniques is beyond 
of this study. The detailed treatment of forecasting 
the scope of this work. The methods are well 
covered in various papers and texts and only a brief survey of the 
fundamental ideas behind some of the important techniques will be 
considered here. The main concern in this project is ~he development 
of the Maltese power sys~em which entails planning the major reinforce-
ments foL generation and transmission which by necessity must be done from 
four to ten years ahead of the required commissioning date. 
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As a discipline forecasting techniques may be considered in two 
classes: 
Quantitative techniques include moving average, exponential 
85 . 86-87 
smoothing regression and correlation analys1s, time series 
analysis, Box-Jenkins methods~8 econometric models, macro-economic 
analysis89 etc. These techniques have become widely accepted and have 
produced a good record of accuracy, thus providing a useful aid to 
decision making. They have been extended following the application of 
digital computers. 
Qualitative techni~es (often termed 'technological forecasting') 
include 
s-curve 
the morphological 
. 90 
approaches etc. 
research method, the Delphi Method and 
The state of the art in the case of 
qualitative forecasting techniques appears to be les"' w.ell. developed 
than it is for quantitative forecasting. This is mainly because 
qualitative techniques still rely on judgement and intuition and it is 
only recently that they appear to have come to be accepted. The 
objective of qualitative methods is to forecast changes in a basic pattern 
as well as to predict the pattern 
difficult to work with and costly 
term planning situations. It is 
itself. The techniques are both 
and are generally reserved for long 
to be noted that qualitative 
techniques, unlike most quantitative techniques do not provide a single 
point forecast or a detailed procedure. Thus qualitative techniques 
must be flexible and their use must always be adapted to the particular 
situation. In these approaches human intervention rather than a. 
mathematical model becomes the primary processor of data. Hence 
the "best" forecast must be arrived at by the use of mental processes 
rather than by the application of formulas as in the quantitative 
techniques. 
Forecasting techniques exhibit various characteristic properties 
but the following major factors appear to be the most common. 
1. Recognisable data pattern. The majority of forecasting techniques 
assume that the data to be forecast falls into a recognisable pattern 
such as a horizontal, trend, seasonal or cyclical. A horizontal 
pattern results when the data has no trend, and when such a pattern 
occurs, the series of data is generally referred to as stationary. 
A seasonal pattern results when a seri~s fluctuates with some seasonal 
factor such as the weather. Cyclical patterns resemble seasonal 
patterns but in general the length of a single cycle is longer than a 
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year. A trend usually results when there is a general increase or 
decrease in the variable over a time period. These four patterns can 
occur alone or together in various combinations as is the case of the 
prediction of growth of electricity or energy demand in a country. 
2. Model type. As well as assuming some basic underlying pattern 
in the data, the majority of forecasting techniques also adopt some 
model of the situation being predicted. Such a model provides a way 
of experimenting with reality without the need of actually having to 
invest in a full scale operation. The model categories which could be 
identified for use in distinguishing alternative forecasting techniques 
(although many techniques used can be classified by more than one type of 
model) include 
a) Time series models,which are generally the most common in the field 
of quantitative forecasting. Time series models assume two variables: 
the one needed to be forecasted (such as annual electricity peak demand) 
and the period of time referred to. These models are based on the 
assumption that a certain pattern or a combination of patterns recurs 
over a time period. 
bl Causal models, which assume that the value of a certain variable 
(such as electricity demand) depends on several other variables. The 
real virtue of the causal model in a forecasting technique ls that a 
range of forecasts (scenarios) corresponding to a range of values for 
different variables may be developed. The limitation on these 
techniques is that information on several variables will be required 
(e.g. GDP, standard of living indexes, fuel prices) in addition to the 
single variable (e.g. electricity demand) that is being forecast. 
c) Statistical models which employ the language and procedures of 
statistical analysis to identify other variables related to the variable 
being forecast and to assess the reliability of such forecasts. A 
typical statistical model can provide a knowledge of the confidence 
that can be placed in a forecast and the probability of its being in 
error. 
d) Non-statistical models which are based more on thinking and 
intuition than on fundamental statistics. Virtually all qualitative 
(technological) forecasting techniques are non-statistical in nature, and 
the accuracy of the forecast will largely depend on personal experience, 
skill and judgement. 
3. Time scale. This may be divided into four categories in which the 
immediate term refers to no more than one to two months, the short term 
to within one to two years, the medium term from three to five years 
and the long-term which refers to more than five years. In general, 
qualitative methods are more applicable to long term forecasts whilst 
quantitative methods are more appropriate for short to medium terms. 
4. Applicability. An important feature of forecasting techniques 
concerns the time required to develop a working model for a given method 
and the ease with which a decision-maker can gain an understanding of 
the model and an ability to interpret the results. Thus the forecasting 
technique adopted must be compatible with the decision-making process 
which utilises the results of the forecast. 
5. Accuracy. The forecasting technique adopted must also take into 
account the degree of accuracy that can be expected and its relationship 
to the decisions required. In the majority of cases the standard error 
of estimate (the root-mean square-error) or the mean absolute error is 
considered as a good criterion for evaluating the method. Furthermore, 
a knowledge of the rapidity by which the forecasting procedure can respond 
when the basic pattern changes is also desirable. 
6. Cost. The cost elements involved in the application of a fore-
casting procedure include development, storage, actual operation as well 
as the benefit of other techniques which could otherwise have been 
applied. The variation in costs will often influence the choice of 
different techniques for different situations. 
In the more specific application to electricity demand estimation, 
forecasting techniques are usually broadly divided into three categories. 
1. Extrapolation-fitting of curves to historical data (trend curve 
forecasting) 
2. Correlation-relation of demand to various factors (economic, 
demographic) 
3. Combination of both. 
In addition load forecasting techniques could be further classified 
as either 
1. Probabilistic - utilisation of statistical quantities (mean, 
variance) 
2. Stochastic - generation of a forecast from random inputs derived 
from past data. 
3. Deterministic - determination of forecast from evaluation of the 
trend curve function at the desired future point, but without 
• 
' 
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accounting for random errors in the data, or in the analytical 
model adopted. 
Extrapolation is a simple procedure but it can produce reasonable 
results. Some of the important standard analytical functions used in 
trend curve fitting include 
1. Straight line p = A + Bt 
2. Parabola p = A + Bt + ct2 
3. EX?onential p = KeRt 
4. s-curve p = A + Bt + Ct2 + Dt3 
The method of least squares is the most common curve fitting 
technique used for evaluating the coefficients and exponents of the 
function related to a given forecast. Because of the uncertainty of 
the extrapolated values (arising from uncertainty in the historical 
data and in the model selected to represent the load growth pattern), 
regression analysis is used in order to provide ·the best estimate of 
the model representing the trend chosen. 
be used to forecast the trend. 
This optimal model can then 
Correlation techniques relate system load demand to a variety of 
economic and demographic factors. The advantage of this approach is 
that it provides an understanding of the interrelationship between the 
load growth pattern and other measurable factors. However this implies 
the need to forecast the economic and demographic situation including 
GDP and other economic indicators, population growth,employment, fuel 
prices, exchange rates, standard of living indicators, industrial 
expansion, appliance saturation and weather data, and this may prove 
to be more difficult than simply forecasting system load directly. 
It is to be emphasised that there is no single forecasting technique 
which is effective in all situations. Experience and good judgement 
remain essential requirements and must be applied to the results from 
any of the forecasting methods described above. 
6.3 PrinciPles of Load Forecasting 
As has been discussed above, there are various factors which affect 
electricity demand. A forecast is highly affected by the economic 
prosperity and pricing policy within a country. The ability and willing-
ness of consumers to pay a price for electricity at any given time depends 
on future income distribution, economic wealth, and tariffs (relative 
to alternative fuel prices such as qas). 
-103-
Berrie14 suggests that load forecasting requires a study at all 
levels of disaggregation starting very briefly with the world, the 
national economy, overall energy sectors and finally national and 
locai power sectors. Translating those suggestions which could be 
relevant to the case of Malta, the forecasting study would, on this 
basis, include 
1. A general study of the world economy in terms of import and export 
prices, exchange rates (value of the dollar), cartel action and 
world inflation. 
2. A macro-economic study of the national economy in terms of GNP and 
GDP growth, income distribution, industrial investment and 
expansion, subsidies on fuel prices, inflation, unemployment, 
taxation, technological skills, tourism, etc. 
3. A study of the national energy sector in terms of the development 
of new resources (solar energy utilisation, oil and gas finds), 
energy efficiency and conservation measures, price movements 
of fuel resources and problems of procurement of fuel from 
overseas markets. 
4. A deeper study of the national electricity sector in terms of 
economic activity, improvement in standard of living, potential 
consumers, standard of supply, utilisation efficiency, generation 
capability, fuel supplies and prices for generation, capital 
and foreign exchange required, tariff structure, and its impact 
and damage to the environment (e.g. the problem of ash handling 
and disposal) • 
5. A study of the likely future costs to new consumers to be connected 
to the supply. 
Many of these factors are interrelated and change with time, 
implying that a periodical review of the situation will be necessary. 
6.4 Data Required tor Load Forecasting 
Compilation of the data to enable a satisfactory forecast, entails 
the accumulation of the relevant information followed by its conditioning 
and translation into the load forecast. The worth of the forecast 
depends on both the credibility of the data and the analytical process 
adopted. Historical data constitutes the basis for making the forecast. 
The latest years are considered as the base years in terms of available 
statistics, whereas earlier years provide for the plotting of trends, 
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going as far back in years as the future period being forecasted if 
such data is available. An assessment of the unrestricted demand 
compensated for low voltage or automatic tripping of overloaded circuits 
during the time of peak demand should be included (for example, tripping 
of overloaded low tension circuits during peak load in Malta is estimated 
to reduce the current peak by 0.8 to 1 MW). 
on the waiting list should also be noted. 
The number of new consumers 
In the case of a country such as Malta, data relating to the 
following should, if possible, be obtained. 
1. National economic indicators such as GNP and GDP. 
2. Indu~trial and commercial activity indicators, for example 
productivity indices. 
3. Demographic data such as urban and rural population and population 
growth. 
4. Number of urban and rural houses being built including any planned 
housing developments. 
5. National infrastructural projects, the building of new factories, 
extension of existing ones and any plans for future industrial 
developments. 
6. Development of tourist resort centres, building of new hotels, 
and tourist arrivals. 
7. Annual electricity generation (kWh) and annual peak load demands 
for say the past ten to fifteen years. 
8. Number of consumers and tariff category such as industrial, 
commercial and domestic, tariff rates and kWh demand for each 
category. 
9. Energy and type of fuel used and prices. 
10. Financial, institutional and political constraints, particularly 
limitations on capital investment and financial borrowing. 
The above list does not encompass all the information that is 
desirable and, in the case of Malta, some of it is neither reliable 
nor available. Judgement had to be exercised in order to decide 
which data was most relevant for this work. 
6.5 Uncertainty and the Adoption of the Scenario Approach 
The onset of the world energy crisis in 1973/74 was associated 
with the severe economic instability caused by the rapid increase 
in fuel prices. These changes altered the basis on which previous 
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forecasts of electricity demand had been made and led to considerable 
uncertainties for the future especially as far as the long term was 
concerned. 
Although the future is unknown the supply authority is obliged 
to plan for it accepting the uncertainty involved and the unlikelihood 
of absolute success. Furthermore, in making single forecasts for 
the most likely values of complex parameters such as long term economic 
activity, fuel prices and energy use, it becomes very difficult to 
judge what the likely range of uncertainty is. As an aid to this 
problem, the scenario technique in which a number of different forecasts 
are evaluated has been adopted. This has enabled a wide range of 
possible outcomes, including those which explore the possible high 
and low situations, so helping to ensure that a realistic approach 
is taken thus avoiding those situations likely to have a negligible 
chance to occur. 
On the above basis three scenarios were adopted for the purpose 
of this work, these were 
Scenario H - High world economic growth and energy prices, high 
Maltese economic growth based on manufacturing output 
and services (ship repair, tourism transhipment, 
banking and trading). 
Scenario M - Moderate world economic growth and energy prices, 
and moderate or at least a low but stable Maltese 
economic growth, again based on the same economic 
structure as above. 
Scenario L - Low world economic growth and energy prices and 
a low and unstable Maltese economtc activity, especially 
big slumps in tourism, ship repair manufacturing 
output and trade. 
It is to be noted that in the case of Malta, an energy importing 
country, low energy prices partly counterbalance the decline in the 
economic .growth. 
6.6 Load Forecasts Based on Historical Data 
Historical or trend forecasting provides separate forecasts of 
both kW and kWh. The technique consists of fitting curves to actual 
kW and kWh plots of historical data using regression analysis. In 
the case of this work it also happens that the most abundant and reliable 
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data available was tn fact historical data comprising past annual 
and monthly maximum power demands and annual energy demands including 
their breakdowns according to consumer (tariff) categories, that is, 
domestic, commercial and industrial. 
In order to enhance the quality of the forecasts it was decided 
to study the available information dating back to the last fifteen 
years. This data was obtained from power station operating log sheets, 
the finance department of Enemalta Corporation, Enemalta Annual Reports, 
Office of the Prime Minister, Malta Government Department of Information 
and Central Office of Statistics. 
Table 6.t, Fig.6.1 ana Fig.6.2 show growths of the annual and 
monthly peak load demands. The months of December, January and February 
are those during which the annual peak (winter) maximum load demand 
has always occurred, this peak load being attrtbuted mainly to space 
heating. July is a typical summer month when air conditioning and 
refrigeration loads are the highest, whereas May is considered to 
be a 'neutral' month when both space heating loads and air-conditioning 
loads are likely to be a minimum. This consideration leads to the 
estimation of the weather-sensitive component of the load, which will 
be tackled later on. Tables 6.2 and 6.3 show the annual growth of 
energy demand and the utilisation of the energy sold to the various 
consumer categories, where it can also be noted that the domestic 
sector has the highest consumption. Estimates of annual station 
consumption, network losses and load factors have also been included 
to provide a more comprehensive picture of the energy utilisation 
situation. A problem of high energy losses in the supply network 
is revealed from these estimates. It should be noted that these 
'losses' are the difference between the generating station output 
and metered consumption, and may include some 'accounting' losses. 
Fig. 6.3 shows the growth of installed generating capacity, and hence 
the change in plant capacity margin relative to ~ast load demands. 
Referring to t~e annual peak load demand growth curve, the first 
objective was to try to fit a trend curve. Such a trend curve is 
typically valid for the prediction of load up to 3 to 5 years ahead, 
its credibility becoming increasingly questionable in the more remote 
future. This implies that such a trend curve would be useful for 
short and medium term planning. For the longer term, macro-economic 
and econometric forecasts promise to be more acceptable. 
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. -·-
WINTER MONTHLY PEAK LOAD DEMAND ANNUAl. I NC Rf A SE 
PERIOD IN WINTER 
DEC JAN FED MAY JULY PEAK DEMAND 
"" 
HW 
"" 
HW MW % 
---
1969/70 54.5 54.0 58.5 48.0 46.0 
-
-.-
1970/1 57.0 59.0 68.0 47.5 50.5 16.24 
1971/2 65.5 69.0 64.0 49.5 51.D 1.47 
197213 68.0 69.0 70.0 58.0 59.5 1.45 
1973/4 66.0 65.5 54.5 46.D 48.5 - 5.71 
1974/5 59.0 60.5 63.5 52.0 54.5 - 3.79 
1975/6 63.5 69.5 71.0 57.5 61.0 11.81 
1976/7 71.5 74.5 72.5 64.0 67.5 4.93 
1977/8 83.0 88.5 87.0 69.5 73.0 18.79 
1978/9 85.5 100.0 88.0 75.5 79.5 12.99 
--
1979/80 34.0 100.0 93.5 80.5 81.0 5.62 
1980/1 102.5 111.5 111.0 80.5 86.5 11.5 
1981/2 104.5 111.0 113.0 88.0 93.5 1.35 
--
198213 122.5 127.D 122.5 95.5 104 .o 12.39 
1983/4 136.0 135.5 146.5• 101.0 106.5 15.35 
--
1984/5 143.5 153.0 140.0 114 .o 116.5 4 .44 
Table 6.1 Growth of 8011thly and annual peak (winter) ... ,_ dalands 
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YEAR STATION STATION STATION ENERGY STATION NETWORK MAXIMUM LOAD GENERATION CONSUMPTION OUTPUT SOLD CONSUMPTION LOSSES DEMAND fACTOR 
GWh GWh GWh GWh 
"' "' 
MW 
"' 
1970/71 28~.703 21.896 262.807 213.339 7.691 18.823 68.0 ~7-794 
1971/72 310.000 16.363 293.637 245.951 5.278 16.240 69.0 51.287 
1972/73 334.362 24.480 309.882 217.473 7.321 I0.4S8 70.0 S4.527 
1973/74 347.094 24.04S 323.049 270.782 7.031 16.179 66.0 60.034 
1974/75 310.274 20.070 290.204 245.492 6.468 15.407 63.5 ss. 778 
197S/76 351.170 23.16S 328.00S 281.712 6.597 14.114 71.0 56.462 
1976/77 386.920 25.490 361.430 300.661 6.588 16.813 74.5 S9.287 
1977178 ~32.469 29.046 403.423 338.665 6.716 16.0S2 88.S S5.784 
1978/79 469.613 32.344 437.269 375.071 6.887 14.224 100.0 S3.609 
1979/80 509.823 31.583 478.2~0 384.217 6.195 19.660 100.0 58.199 
1980/81 534.181 30.948 503.233 400.230 5.794 20.~68 111.5 54.690 
1981/82 588.559 35.314 553.2~5 ~21.840 6.000 23.751 113.~ 59.458 
1982/83 652.168 42.421 609.7~7 ~96.361 6.505 18.596 127.0 58.620 
1983/84 715.~71 44. 13~ 671.337 556.628 6.169 17.086 146.5 55.751 
Table 6.2 Annual Growth or Energy Generation, Salea, and Loaaea 
YEAR INDUSTRIAL DOMESTIC COMMERCIAL DISTILLERS STREET LIGHTING OTIIER TOTAL GWh GWh GWh GWh GWh GWh GWh 
1970/71 78.873 86.945 36.621 
-
10.3 0.6 213.339 
1971/72 83.167 101.682 39-0~If 7.434 12.3 2.3 245.951 
1972/73 98.921 111.150 44.765 8.737 13.4 0.5 277.473 
1973174 94.779 110.116 42.620 7.967 14.8 0.5 270.782 
1974175 96.320 76.836 59.207 4;329 5.6 0.2 245.492 
1975176 93.626 96.118 78.068 5.000 8.7 0.2 281.712 
1976/77 96.768 106.0~3 82.233 6.~17 9.0 0.2 300.661 
1977178 11~ .958 114.020 92.6~4 7-7~3 9. I 0.2 338.665 
1978179 127.518 126.537 101.601 7.915 10.8 0.7 375.071 
1979/80 129.183 122.711 112.702 7.921 11.2 0.5 384.217 
1980/81 118.005 138.656 124.690 7-179 10.7 1.0 400.230 
1981/82 136.635 135.647 129.736 7.522 11.3 1.0 421.840 
1982/83 176.803 163.653 136.601 7.604 11.3 0.4 496.361 
1983/84 187.123 198.269 1~8.266 5.535 11.~ 0.5 556.628 
Table 6.3 Utilisation or Annual Energy Sold to Conaumera 
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A regression analysis was used to assess the trend of maximum 
demand load curve of Fig.6.1, for the last ten years. Linear, 
parabolic and exponential fits were tried. The linear fit proved 
to be the simplest and gave the best fit, yielding a high correlation 
coefficient as can be seen from Tables 6.4 and 6.5. Using standard 
86-87 . 
statistical formulae , a computer programme REGAN was written 
(See Appendix A7) to calculate the slope M and intercept C of the 
linear relationship and the correlation coefficient R. The linear 
law obtained was then used to extrapolate the historical plot of Fig.6.1 
and thus predict the load demands for the next five years. 
obtained are shown in Table 6.4 and Fig.6.4. 
The results 
This technique was then extended to provide an assessment of 
the growth of weather sensitive component by comparin9 trends of past 
load growths for the coldest month (January) when the space heating 
load is considered to be a maximum 1 with that of May (minimum space 
heating). This information is useful for planning purposes especially 
in the assessment of a suitable generating plant capacity margin. 
The equation of the regression line representing the line of 
best fit to the given curve may be written in the form 
PI = MY + C 
where PI = Derived value of annual peak demand (MW) 
M = Slope of best fit line (growth rate in MW/annurn) 
c = Intercept 
y = Sample Year (e.g. 1982) 
The constants M and C can be obtained from standard statistical 
formulas86-87 d . b an are g~ven y 
where 
M= NEYiPi - EPiYi 
NEYi2 - (EYi) 2 
and C = 
N = number of years (samples) 
EPi - MEYi 
N 
Yi,Pi are plotted (measured) values of the curve being investigated. 
Finally a measure of how well the estimated line fits the data 
can be obtained by ca~culating the regression coefficient given by 
R = NEPiYi - EPiYi 
J [NEP~- (P.) 2 ][NEY~- (EY~- (EY.l 2 ] 
~ l ~ ~ ~ 
Optimum correlation is obtained when the correlation coefficient 
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SAMPLE SAMPLE MAXIMUM DERIVED DEVIATION 
NUMBER YEAR DEMAND HAX. DEM. ( P-PI) 
N y p PI DV (MW) (MW) (MW) 
1 19'/6 71.0 68.0 + 3.0 
2 1977 7-.5 17 .o 
- 2.5 
3 1978 88.5 86.0 + 2.5 
4 1979 100.0 95.0 + 5.0 
5 1980 100.0 104.0 
- 4.0 
6 1981 111.5 113.0 
- 1.5 
7 1982 113.0 122.0 
- 9.0 
8 1983 127.0 131.0 
- 4.0 
9 1984· 146.5 140.0 + 6.5 
10 1985 153.0 149.0 + 4.0 
SLOPE (GROWTH RATE) . H 9.0 MW/ANNUM 
INTERCEPr c 
- 17716 
LINE EQUATION PI PI : 9.0Y-17716 
REGRESSION COEFFICIENT R 0.9839 
MAXIMUM DEVIATION DVH -9.0 HW 
Table 6.ll Regression analysis of historical annual peak (winter) load 
demand to determine trend 
JANUARY HAY 
(MAXIMUM SPACE HEATING) (MINIMUM SPACE HEATING) 
N y p PI DV p PI DV 
(MW) (HW) (HW) (MW) (HW) (MW) 
I 1976 69.5 68.5 + '1.06 57.5 57.10 + 0.40 
2 1977 74.5 77.02 - 2.52 64.0 62.17 + 1.23 
3 1978 88.5 85.06 + 2.90 69.5 68.43 + 1.07 
4 1979 100.0 94.18 + 5.82 75.5 74. 10 + 1.40 
5 1980 100.0 102.76 - 2.76 80.5 79.77 + 0.73 
6 1981 111 • 5 111.34 + 0.16 80.5 85.43 - 4.93 
7 1982 111.0 119.92 - 8.92 88.0 91.10 - 3· 10 
8 1983 127.0 128.50 - 1.50 95.5 96.77 - 1.27 
9 1984 135.5 137.08 - 1.58 101.0 102.43 - 1.43 
10 1985 153.0 145.65 + 7.35 114.0 108.10 + 5,90 
SLOPE H 8.58 MW/YEAR 5.67 MW/ANNUM 
INTERCEPT c -16883.24 -11140.2 
LINE EQN PI PI • 8.5788Y-16883.24 . PI • 5.66671-11140.23 
REO COEFF R 0.9843 0.9856 
MAX DE;V. DVM -8.92MW +5.9MW 
Table 6.5 Regreaalon analyala or h1ator1oal annual peak load de-and for 
JanUBrJ and May to deteralne the weather eeneitlve component 
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is unity and positive. Fu~thermo~e the deviation between the measured 
and the de~ived values of demand is given by 
DVi = (Pi- PI)MW 
For example it can be seen from Table 6.4 that the maximum deviation 
is 9MW (7.3%). As it can be deduced from Tables 6.4 and 6.5 the 
values of the correlation coefficients obtained are positive and close 
to unity, implying that a close relation exists between the regression 
line and the data plotted. The equations of these lines are also 
included in the Tables. In Fig.6.4 the extrapolation of the regression 
line gives the predicted values of the future load demand as follows: 
1986 - 158 MW: 1987 - 167 MW; 1988 - 176 MW; 1989 - 185 MW; 1990 
- 194 MW. 
This is equivalent to a load growth rate of 9 MW per annum (See 
Table 6.4). From Table 6.5 the load growth rates for the months 
of January .and May are respectively 8.58 MW per annum and 5.67 MW/annum. 
The weather sensitive component for a particular year is approximately 
given by the difference between the demands for January and May. Thus 
for example the weather sensitive component for 1984 is (137.08 -
102.43) = 34.65 MW whilst the growth of the winter weather sensitive 
component for the past decade considered is given by (8.58 - 5.67) 
= 2.91 MW/annum. 
6.7 Forecasting of Electricity Demand in Relation toNational 
Economic Performance 
The next step was to link the long-term growth of electricity 
demand with the prospects of future national economic performance 
as reflected in the GDP and other economic indicators. In common 
with many other developing countries, the performance of the Maltese 
economy is sharply influenced by the prevalent world economic situation 
and in particular by the economic situation of those countries with 
whom Malta has strong commercial links. Hence a general survey of 
the economies of the world was undertaken with the objective of perceiving 
the likely trend of future growth and subsequently relate this to 
the prospects of long term economic growth in Malta. This was found 
necessary because of the unavailability of sufficient and reliable 
data as regards national economic forecasts or projections particularly 
for the medium and long terms. In fact the only data available was 
that related to past economic performance found in the published national 
development plans. 
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During the fourth (seven-year) national development plan (1971-1960), 
the Maltese gross domestic product increased (despite the energy crisis) 
from 100.9 to 346.6 million Maltese Pounds (1Lm~E1.66) implying that 
it more than tripled91 (See also Appendix AB) within seven years 
reflecting a growth rate of 19.4\ per annum. The electricity demand 
in this period rose from 334.36 GWh to 509.82 GWh (growth rate of 
6.2\ per annum) corresponding to a peak maximum demand growth from 
70 MW to 100 MW (average growth rate 6.1\ per annum) as can be seen 
from Table 6.1 and Fig. 6.1. This also implies that during this 
period the rate of growth ratio between GDP and electricity demand 
was (19.4/6.2) = 3.13, that is 3.13:1. 
The fifth (five-year) development plan (1981-1985) published 
in August 198144 predicted an average growth target GDP of 7% per 
annum. However the actual growth achieved was only 4,23\ per annum 
(that is from Lm 348.6 x 106 in 1980 to Lm 426.9 x 106 (estimated) 
in 1985). However during this five-year plan period, the electricity 
demand rose from 509.82 GWh to 762.53 GWh (growth rate 8.38\ per annum) 
corresponding to a peak maximum demand growth from 100 MW to !53 MW 
(a growth rate of 8.88\ per annum) as can be seen from Table 6.1 and 
Fig.6.1. Unlike the previous plan period the rate of growth ratio 
of GDP to electricity demand for this period was 4.23/8.38 = 0.504. 
Alternatively whilst the GDP annual growth rate in the two development 
plan ~eriods declined from 19.4\ to 4.23\ the corresponding peak maximum 
demand grew, in spite of this, from 6.1\ to 8.86\ (the corresponding 
energy demand also grew from 6.2\ to 8.38\). A possible explanation 
of this lack of correlation between the GDP growth rate and electricity 
demand rate was the effect of income from tourism. Whilst a large 
decline in tourism resulted in a corresponding decline in GDP, the 
growth rate in electricity demand was not suppressed. It is also 
to be borne in mind that the great maiority of tourists visit the 
island in summer implying that the peak electrical demand which occurs 
in the winter is hardly affected. This also applies to some extent, 
when trying to correlate electricity demand to income from exports 
of goods and services. 
The situation regarding the ~elationship between GDP growth and 
electrtcity demand (peak demand) growth is depicted in Fig.6.5. Energy 
demand is not shown since it has been found (as can be deduced from 
Table 6.2)that the load factor remained more or less constant. 
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In Fig. 6.5 normalised curves of GDP and electricity demand 
are shown. For the purpose of projecting demand to the next decade, 
it was decided to be reasonable to go back in time to about 9 to 10 
years. Hence the 1975/6 winter peak and 1976 were chosen as base 
years for electricity demand and GDP growth,curves respectively. 
Normalising these curves implies that fractional or per unit change 
can be plotted against time (years) providing for a clearer comparison 
between growth rates of GD? and electricity demand. Thus 100' (1 unit) 
6 
of GDP represents the 1976 GDP value of Lm 189.4 x 10 Maltese pounds 
whilst 100% (one unit) of peak demand represents 71 MW. The effect 
of tourism is a!so shown by including a plot of annual tourist arrivals 
with 100% (unity value) representing 339,537 tourist arrivals in 1976. 
The next national development plan which it is u·nderstood will 
cover a three-year period only had not been published at the time 
of preparing this report. 
The prevalent and likely persistence of world economic turbulence, 
in particular energy prices and uncertain economic conditions (e.g. 
petrodollar fluctuation) in the industrialised countries (e.g. Germany, 
UK, ttaly) with whom Malta has the main commercial links, are bound 
to have a direct and adverse effect on the ?erformance of the Maltese 
economy. Escalation in prices and fluctuations in energy supply, 
food and many essential commodities which have to be imported strongy 
influence the Maltese economy. Attraction of foreiqn investment 
could also meet strong competition whilst exports of goods and services 
in the protected and already de?ressed foreign markets may also prove 
to be a problem for the Maltese economy·. 
In spite of the situation described above, the demand for 
electricity in Malta is highly inelastic and it thus may not be likely 
to res?ond sharply either to a decline in the economic growth or an 
increase in tariffs unless such increases are significant. For example, 
in spite of the (inevitable) sharp increase in electricity tariffs 
in ~alta after the onset of the energy crisis, the dip in the demand 
curve, made a relatively fast recovery as is evident from Fig. 6.1. 
Also notwithstanding the fact that in the last few years, economic 
conditions in Malta could have been expected to lead to a suppression 
in electricity demand, this did not occur in reality and as can be 
seen from Fig. 6.1 demand has continued to grow rapidly (approximately 
9% per annum l . This coula serve as an indication that both the short 
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UNIT OF MD = 71MW (1975/6) 
UNIT OF GDP = Lm189.~ xl()li (1976) 
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and medium term electricity demands may well continue to follow the 
same. growth pattern. In fact the demand rate may even increase 
further, especially if economic activity, particularly consumer 
expenditure and industrial production were to grow at a higher rate 
than that generally expected. In addition to the escalation of 
the growth in demand of domestic and commercial consumers, the short 
and medium term forecasts would need to take into account bulk loads 
(mainly originating from large infrastructural projects) and industrial 
loads which are.likely to mature. 
As regards the long term, forecasts for electricity demand in 
Malta were more difficult because of the unavailability of economic 
forecasts. In these circumstances it was considered necessary to 
seek an alternative approach by studying published statistics as 
regards projections of future world economic situation and then attempt 
to utilise this information as an aid to forecasting the likely future 
of economic growth in Malta. These statistics were extracted from 
reports covering the C.E.G.B. Proof of Evidence in the Sizewell 'B' 
Power Station Public Enquiry79 The statistical data of interest 
to this work is shown below. 
Scenario Average GDP Growth 
(1979/80 - 2000) 
% per annum 
Rate Electricity Demand Growth Rate 
(1979/80- 2000) 
High Growth 
Medium Growth 
Low Growth 
World 
4.5 
3.3 
2.1 
UK 
2.6 
1.0 
-0.4 
% per annum 
UK 
1.69 
0.31 
-1.51 
Considering for the moment the middle (average) world economic 
growth of 3.3% it is likely that the value of this for some countries 
(e.g. developing countries like Malta) may be even slightly higher. 
Hence if an economic growth of 4.23% as registered in Malta for the 
past few years (since 1980/l) is assumed to continue in the long term, 
such an assumption could be considered as a reasonable one. It has 
also been seen that with a GDP growth of 4.23% the corresponding 
electricity demand growth in the same period (1981-1985) was 8.88%. 
However it is also likely that after the medium term, industrialisation 
and economic activity in Malta will have reached such a stage that 
economic performance will start to show trends similar to those of 
developed countries. This would imply that even on the assumption 
that economic performance is to continue to improve in future, the 
percent annual increase in economic growth (GDP) will be small. There 
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is also a good probability that the electricity demand growth rate 
would decline because of a possibility of appliance saturation. This 
possibility may increase if the supply of energy to Malta (especially 
coal) becomes limited, giving rise to a drastic increase in electricity 
tariff rates (in comparison with bottled gas) and a prohibition on 
the imports of electrical heating appliances. 
In the light of the above considerations the forecasts and planning 
which follow are based on the three scenarios already mentioned. 
These will be discussed further in the next section. 
6.8 Electricity Demand Forecasting Adopting the Scenario Approach 
The trend forecasting method provided what appears to be a credible 
forecast indicating an increase in the annual peak demand from 158 MW 
in 1985/6 to 194 MW in 1989/90, that is an average annual growth rate 
of 5.27% for the next four years. However predictions obtained from 
extrapolations are generally considered to be reliable only over short 
to medium term periods (up to about five years ahead). On the other 
hand the macro-economic forecast in which GDP and tourism in Malta 
were correlated to electricity demands did not appear to provide highly 
credible predictions on which to make concrete future plans for system 
development. The unavailability of forecasts of economic activity 
for the medium and long term periods has aggravated the problem, and 
only a speculative forecast based on statistics for the world and UK 
economic growth for the period 1980-2000 could at best be attempted. 
Under these circumstances it was deemed appropriate to adopt the 
scenario approach taking into account the results obtained from the 
quantitative forecasts carried out as well as other factors. on this 
basis three scenarios for electricity demand, based on the three 
scenarios of economic activity and the situation in Malta as described 
in Section 6.5 were adopted as follows. 
1. Scenario H - High Growth - reflecting an average growth of 7% 
per annum of peak electricity demand between 1983/4 (base year) and 
1994/5 (end of long term) with an initial growth of 10% per annum 
between 1983/4 and 1988/9 (end of medium term period). Anticipated 
load at end of long term period is 308 MW (343 MVA). 
2. Scenario M- Medium Growth- reflecting an average growth of 5.5% 
per annum of peak demand between 1983/4 and 1994/5, with an initial 
growth of 7% per annum between 1983/4 and 1988/9. Anticipated load 
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at end of long term period is 264 MW (293 MVA). 
3. Scenario L - Lcw Growth - reflecting an average growth of 3% per 
annum of peak demand between 1983/4 and 1994/5, with an initial growth 
of 5.5% per annum between 1983/4 and 1988/9. Anticipated load at end 
of long term period is 203 MW (226 MVAl. 
The projections describing the above three growth scenarios are 
shown tabulated in Table 6.6 and plotted in Fig. 6.6. The 1983/4 
winter peak period and the corresponding load of 146.5 MW (163 MVA) 
are adopted as the base line for these projections. The objective of 
adopting a higher growth scenario for the short and medium term is to 
cover for known and anticipated bulk loads which are likely to mature 
during this time, but much of this will depend on Government decisions. 
Such decisions would also affect the growth of industrial loads. 
Planning. for a high initial growth will also provide a higher capacity 
margin to cushion any sudden increase in the load which has not been 
anticipated. This is expected in the rapidly changing circumstances 
which have been predicted by the Government of Malta for the next 
development plan. As regards long-term growth rates an attempt was 
made to strike a balance between predicted world economic growth and 
the likely future Maltese economic growth based on historical analysis. 
6.9 ·Regional Apportionment of the Forecasted Total Peak Lead Demand 
Having forecasted the total annual peak load demands the next 
stage involved the apportioning of these loads on a regional basis, 
making an allowance for the load demand due to the power station 
auxiliary plant. As can be expected both the load density and the 
growth rate will vary geographically. Thus the central region of the 
island lying within a radius of about 4 kilometres from the Marsa Power 
Station which includes the capital Valletta, the Grand Harbour Area, the 
Tourist Resort of Sliema, Marsa and Kordin Industrial Estates, Malta 
Drydocks, Marsa Shipbuilding Yard and the small towns of Cospicua, 
Senglea and Vittoriosa is the highest developed region in terms of 
population density and housing as well as industrial and commercial 
activity. This implies that the central region also contains the 
highest load density and load demand (presently about 55% of total demand). 
Most of this demand is supplied directly from the 11.5 kV Power Station 
busbars. Because there is relatively little room left for further 
housing and industrial development to take place within this region, 
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SLIII GROWTH MEDIUM GROWTH HIGH GROWTH 
YEAR 
MW HVA MW HVA MW HVA 
1983/4 146.5 162.8 146.5 162.8 146.5 162.8 
1894/5 154.6 . 171.7 156.8 174.2 161.2 179. I 
1985/6 163.1 181.2 167.7 186.4 177.3 197.0 
1986/7 172.0 191 .I 179.5 199.4 195.0 216.7 
1987/8 181.5 201.7 192.0 213.4 214.5 238.3 
1988/9 191.5 212.7 205.5 228.3 235.9 262.2 
1989/0 193.3 214.8 214.2 238.0 246.7 274 .I 
1990/1 195.2 216.9 223.4 248.2 258.0 286.7 
1991/2 197.0 218.9 232.9 258.8 269.7 298.7 
1992/3 198.9 221.0 242.8 269.8 282.0 313.4 
1993/4 200.9 223.2 253.2 281.3 294.9 327.7 
1994/5 202.8 225.3 264.0 293.3 308.9 342.6 
Table 6.6 Forecasted Amud Peak Load o..aoos 
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Fig. 6.6 Historical and forecasted annual peak load demands 
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lower growth rates are anticipated and have been allowed for in 
apportioning the total load (for example, varying from 3% to 5.5% 
between low and high growth during the short-medium term}. On the other 
hand the north-west region including the Qawra, St. Pauls Bay and 
Mellieha Tourist Resorts and the islands of Comino and Gaze, is 
anticipated to be growing at a higher rate both in terms of housing and 
tourist development, implying a higher growth rate in electrical demand 
in comparison to the central region. Here a growth rate varying from 
about 4.5% to 8.5% between the low and high growth during the short-
medium term has been anticipated when apportioning the load. Finally, 
the south-east region has been envisaged as the future industrial and 
commercial region of Malta, as it includes Luqa Airport, Bulebel 
Industrial Estate, Lapsi Reverse Osmosis Plant, the new Halfar Industrial 
Estate (incorporating two metal foundries which will be the largest in 
Malta}, and the new Marsaxlokk Transhipment Harbour Complex (presently 
under construction}. Here a load growth rate varying from about 7% to 
13% between low and high growth during the short-medium term has been 
assumed. Anticipated bulk loads varying between 2.2 MVA and 6.3 MVA 
to cover for foundry development have also been allowed for in these 
estimates. Within the long term the differences between regional load 
growth rates are expected to diminish as most of the infrastructural 
development would by then be nearing saturation level. Furthermore 
certain loads are anticipated to exhibit relatively small growth rates 
(e.g. Xrobb Radio Transmitter, with a present load demand of approximately 
5.3 MVA}. 
Because only a small amount of scattered information as regards 
regional growth statistics was available, the load growth estimates 
were based on lists of new housing development areas(building plots} 
being currently constructed, and other housing areas released by the 
Government during the last two years. Other information regarding 
prospects for industrial and commercial development was compiled from 
literature published by the Malta Development Corporation, Government 
periodicals36 and newspapers. 
Details of the load apportionment between the various geographical 
regions and bulk load distribution centres are shown in Table 6.7. The 
loads on the 11.5 kV Power Station Busbars A, Bl and B4 are treated as 
regional loads (the central region loads) similarly to those loads 
supplied from the existing load centres at Msierah, Mosta, Mellieha, 
BASE LINE SHORT TERM (1985/6) 
LOAD LOAD 
POINT (19B3/4) LOW MEDIUM HIGH 
GROWTH GROWTH GROWTH 
MVA MVA MVA MVA 
MSIERAH 20.2 22.1 22.4 23.7 
MOST A 21.6 23.7 24,1 25.4 
MELLIEHA 15.1 16.5 16.7 17.7 
TARXIEN 22.9 27.1 28.4 30.1 
HALFAR 3.9 7.0 8.2 11.2 
XR08B 5.1 5.4 5.5 5.6 
B STATION (BUS B1) 29.2 31.0 31.4 32.3 
B STATION (BUS B4) 12.0 12.7 13.0 13.4 
A STATION (BUS A) 24.0 25.5 25.8 26.6 
STATION PLANT LOAD 9.0 10.0 10.5 11.0 
TOTAL LOAD 163 181 186 197 
' 
Tlllle 6J Forecasted Regional Loadlngs 
14£DILM TERM ( 1988/9) 
LOW MEDIUM HIGH 
GROWTH GROWTH GROWTH 
· MVA MVA MVA 
26.0 27.5 32.0 
27.9 29.5 34.0 
19.5 20.5 24.0 
31.9 35.0 40.0 
8.3 10.1 15.0 
6.0 6.6 7.0 
36.5 3B.5 43.0 
16.0 16.5 18.0 
29.2 31.3 34.5 
11.7 12.5 14.5 
213 228 262 
LONG TERM (1994/5) 
LOW MEDIUM 
GROWTH GROWTH 
MVA MVA 
27.5 35.8 
29.5 38.4 
20.6 26.7 
33.7 43.8 
8.7 11.3 
6.3 8.3 
38.6 50.2 
16.9 22.2 
30.8 40.2 
12.4 16.1 
225 293 
HIGH 
GROWTH 
MVA 
41.4 
'44.4 
31.0 
52.7 
16.2 
8.8 
57.5 
25.0 
47 .o 
19.0 
343 
I 
>-' 
I~ 
"' I 
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Tarxien, Halfar and Xrobb. As can be expected, the number and capacity 
of the existing bulk load centres will be increased in accordance with 
the formulation of the development plans considered in later chapters. 
6.10 Allowance For A Reserve Generating Capacity Margin 
The forecasted annual peak load demands given above are based on 
a study of historical load growth of the past ten years and assume winter 
average cold spell conditions 0\CS}. However in order to ensure that 
sufficient generation capacity will be provided a reserve or planning 
margin must be allowed for. Here the planning margin is defined as the 
percentage margin over and above the forecasted ACS winter peak demand. 
In general the planning margin takes into account 
a) the average availability of the generating plant expected during 
the planning years at the period when the demand is near its peak 
(estimated current values for UK- 85%1. 
b) variation in plant availability near peak load (estimated standard 
deviation for UK- 3.75%1 
c) variations due to abnormally severe weather conditions (standard 
deviation for UK - 3.87%1 
d) variations due to forecasting errors (estimated standard deviation 
for UK - 9%1 
Adding these variations to the ACS winter peak demand yields the 
expected demand on which the Firm Generating Capacity should be based. 
The above UK figures79 have been quoted as a guide in the absence 
of available data as regards the frequency and duration of outages of 
the generating plant in the Malta Power Station. Nor is statistical 
data on the relationships between weather conditions (temperature, cloud 
cover, wind velocity) and load demand available. From the regression 
analysis carried out·, the maximum deviation estimated was (from Table 6.4) 
equal to (9/122) x lOO% = 7.4% which compares reasonably with the 
9% figure for UK. However it is to be noted that the above regression 
analysis included only the last ten years. Had a longer time span been 
considered this figure would have been higher. 
It has also been further noted that the planning margin adopted in 
UK is 28% (in 1982) 79 • In the case of Malta where demand is unrestricted, 
interconnections with other. countries are non-existent, and the number of 
generating units is much smaller than that in UK, a higher planning margin 
may appear to be logical. However because of financial constraints 
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(which set a limit to higher investments required to provide a wider 
capacity margin] , a compromise between the risks (or benefits] and the 
corresponding costs involved may promise to provide a more realistic 
solution. This problem will be considered in later chapters dealing 
with the actual reinforcement and development plans. 
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CHAPTER 7 
THE SHORT TERM SITUATION 
7.1 Introduction 
The Short Term is here defined as that interval between the 1983/4 
and the 1985/6 peak load periods. It is unlikely that any major 
reinforcement could be planned and executed within this period unless 
it is already well advanced or of a very special nature. Thus any 
plan to deal with the forecasted load can only take account of the 
existing network and those reinforcements which can be expected to be 
completed within the time. Any other proposals will have to rely,on 
minor adjustments and changes in the feeding patterns within the exist-
ing distribution network. 
Further considerations of the load problem, dealt with in the pre-
vious chapter, reveal that although the load will be increasing continu-
ously, the annual growth rate shows considerable variation between the 
three different scenarios adopted. As far as the Short Term is con-
cerned, it was considered judicious to assume a high rate of growth 
(worst case) resulting in a total load on the generating plant of 197 MVA, 
implying a network load of 186 MVA. The justification for this is that 
the time scale is too short to allow for any acceleration of the plan if 
the load, at some time during the period, appears to be growing faster 
than anticipated. In any event, the difference in the loading between 
the 'low' and 'high' growths taken over this short time scale is relat-
ively small, and consideration of the 'worst' case is likely to have 
little effect on the investment programme or prejudice future planning. 
7.2 The Situation at the Beginning of the Short Term Period 
The purpose of reviewing the system situation at the beginning of 
the Short Term (i.e. in 1983/4) is to highlight the salient problems 
which will be passed on to the Short Term Plan period. 
situation at the beginning of the period is as follows 
Total system loading at beginning of Short Term 
Total loading on the outgoing supply network 
Station auxiliary plant loading 
Gross generation capacity (159.5 MW) 
Firm generation capacity (129.5 MW) 
Reserve generation capac~ty margin 
Thus the general 
= 163.0 MVA 
= 154.0 MVA 
= 9.0 MVA 
= 177.0 MVA 
= 144.0 MVA 
(Deficiency 
19 MVA) 
= 14.0 MVA 
(8.6\) 
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Total capacity of outgoing network (33 kV & 11.5 kV) 
Firm capacity of outgoing network (33 kV & 11.5 kV) 
Reserve capacity margin on outgoing network 
Loading on the 33 kV network 
Total capacity of the 33 kV network 
Firm capacity of the 33 kV network 
Reserve capacity margin on the 33 kV network 
Loading on the 11.5 kV network 
Total capacity of the 11.5 kV network 
Firm capacity of the 11.5 kV network 
Reserve capacity margin on the 11.5 kV network 
Loading on the 33/11.5 kV transformers 
Tot,al capacity of the 33/11.5 kV transformers 
Firm capacity of the 33/11.5 kV transformers 
Reserve capacity margin on the 33/11.5 kV trans-
formers 
The following problems can be identified 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
199.5 MVA 
179.5 MVA 
45.5 MVA 
(29. 5%) 
88.9 MVA 
98.0 MVA 
78.0 MVA 
(Deficiency 
10.9 MVA) 
9.1 MVA 
(10. 2%) 
65.2 MVA 
101.5 MVA 
94.0 MVA 
36.3 MVA 
(55.7%) 
88.9 MVA 
170.1 MVA 
147.6 MVA 
81.2 MVA 
(91. 3%) 
1. The firm generating capacity is insufficient, implying that the 
outage of one of the large (30 MW) generating units would lead to the 
shedding of part of the consumer load. A larger reserve capacity margin 
needs therefore to be provided, at least a minimum of 19 MVA, but 30 MVA 
would be more realistic. 
2. The firm capacity of the 33 kV transmission network is lower than 
the load imposed upon it and the reserve capacity margin is deficient by 
10.9 MVA. The overall capacity margin of the supply network as a whole 
is only 29.5% and this can only be considered as barely sufficient. The 
need for the installation of a new 33 kV (20 MVA) feeder is justified, 
although the transfer of about 12 MVA of load from the 33 kV to the 
11.5 kV network offers a more realistic immediate solution. 
3. As it is indicated in Table 5.3, a number of individual 11.5 kV 
feeders are also marginally overloaded suggesting the need to redistrib-
ute loads between these feeders. 
The regional loading situation at the, beginning of the Short Term is 
illustrated in Fig. 5.1. Further information as regards individual 
feeder loadings and regional bus voltages is given in Fig. 5.3. 
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7.3 Existing Generating Plant Availability 
1. Although the installed generating plant at 'A' Station is theor-
etically capable of producing 30.7 MW (34 MVN. two of the five steam 
turbo-generators and three of the four boilers are currently out of 
service needing major repairs. There is the probability that these 
units, which were commissioned in 1953, be mothballed or even scrapped. 
In March 1984 the gas turbo-generator was taken out of service following 
blade damages and a decision on its future is awaited. These units are 
not likely to be in service during the 1985/6 winter peak. This leaves 
a total plant availability of approximately 15 MW (17 MVA) which would 
need to be provided by dated equipment whose reliability is not high. 
2. There are minor problems regarding the generating plant supply-
ing Bus Bl at 'B' Station. The two 12.5 MW units are each derated by 
approximately lMW due to problems associated with the water desalination 
plant fed from the turbine condensers of these units. Their canbined 
output is thus reduced from 27.8 MVA to 25.6 MVA over the period of 
interest. 
7.4 The Situation at the End of the Period Assuming No Reinforcements 
The likely situation by the end of the Short Term·in the event that 
no reinforcements are carried out has been investigated. The results 
serve to further highlight those problems inherited from the 1983/4 win-
ter peak situation (see Chapter 5 and Section 7.2) and also help to 
identify new ones. 
The situation is as depicted in Figs. 7.1, 7.2 and 7.3 which show 
the effects of the forecasted growth in system loading conditions at the 
end of the Short Term in the event that the necessary system developments 
are not realised. The high growth scenario loadings have been adopted 
to enable the worst loading conditions to be stuclJed. The 33 kV net-
work optimal switching arrangement confirmed by the analysis carried out 
in Chapter 5 has been preserved in the investigation that follows. This 
is justified since the percentage increase in the loading within each of 
the three main regions (the north-west, central and south-east) is ex-
pected to be reasonably uniform. 
7.4.1 Anticipated Short-Term System Loading 
The peak annual loads expected to be imposed on the Enemalta System 
in the Short Term period and their regional distributions have previously 
been estimated and are shown in Tables 6.6 and 6.7. The system annual 
peak loads anticipated at the end of the Short Term period under the low, 
;;. 
-
' 
Conductor losses = 2.213 MW 
Transformer losses = 0.8,8 MW 
Total losses = 3.061 MW 
Percent losses= 2.69%. 
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KEY TO DATA I 
(Read horizontally) 
GROSS GENERATING 
CAPACITY (MVA) 
STA !ION PLANT 
CONSUMPTION (MVA) 
GROSS GENERATING 
OUTPUT (MVA) 
LINK CAPACITY (MVA) 
LINK POWER 
fLOW (MVA) 
NUMBER Of 
fEEDERS 
fEEDER GROUP 
CAPACITY (MVA) 
EXTERNAL LOADS 
(MVA) 
G1 
25.6 
1.6 
25.6 
BUS 81 11.5 kV 
(6) 
07.8 
~2.~ 
G2 
66.6 
~.6 
66.6 
1 X 25 
--8.~ 
BUS B2 ~~ kV 
(5) 
98.0 
11~.7 
NOTE: All plant ratings and loadings are in MVA , 
86.6 
SOLID LINK 
-59.0 
G~ 
6.6 (20.0 MVA deficiency) 
1 X ~7 .5 
-2~.0 
BUS B~ ~~ kV BUS B~ 11.5 kV 
(3) 
17.7 
1~.~ 
2 X 12.5 
-9.6 
TOTALS 
GA 
18.2 177 .o 
1.2 11.0 . 
18.2 197.0 
BUS A 11.5 kV 
(8) (22) 
~6.0 199.5 
. 26.6 186.0 
fig 7-~ Loadings on the generating station plant at the end of the Short Term(with no system developments and load redistribution included.) 
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medium and high growth scenario conditions are respectively 181 MVA, 
186 MVA and 197 MVA, The maximum difference between the high and_ low 
growths is thus 16 MVA which would be smaller than any discrete step 
increase in the generation or transmission plant likely to be proposed. 
Hence it would be appropriate in the first instance to investigate the 
worst case (maximum) loading (197 MVA) conditions. 
7.4.2 Analysis of the Unmodified System Performance 
As can be deduced from Figs. 7.1, 7.2 and 7.3 which demonstrate 
different aspects of the Enemalta system, the imposition of the increased 
loading on the undeveloped system will aggravate the problems eoi:ist±n'g. 
during 1983/4 as well as creating others. These problems include the 
increased deficiencies in the generating plant and transmission system 
capacity margins, the load saturation of the 11.5 kV distribution 
system and bulk load distribution centres, excessive voltage drops and 
higher energy losses. As regards the 33 kV network, the two Tarxien 
feeders Mosta No.l and Msierah No,2 feeders will become overloaded by 
about 20%. In fact the 33 kV feeder group as a whole will be overload-
ed by 15.7 MVA which will be difficult to transfer to the 11.5 kV net-
work (especially to Buses Bl and B4 which by that date will be also 
reaching full load capacity), 
7.5 System Developments Already Planned 
7.5.1 Generation System Developments 
The major developments in the generation system already agreed and 
expected to be completed within the Short Term period are those covered 
under the third and fourth extension works programmes for the Marsa 'B' 
Power/Water Station and include· : 
1. A 30 MW (33. 3 I~ VA) steam turbo-generator (No. 7) formerly 
installed at Palermo Power Station Sicily which was refurbished and 
commissioned at 'B' Power Station in November 1984. The addition of this 
unit raised the gross generating capability of the combined 'A' and 'B' 
Marsa Power Stations to 188 MW (209 MVA) and the firm generating capa-
bility to 158 MW (175.5 MVA). This generator and its unit transformer 
are connected to 33 kV Bus B3 at 'B' Station. 
2. A 60 MW (66.7 MVA) steam turbo-generator (No.8), one of two 
bought from C.E.G.B. and formerly installed at Little Barford Power 
Station U.K., which after refurbishing is currently being erected, 
missioning is planned to take place during early 1986, but delays are 
Cam-
-135-
possible. The generator and its unit transformer are to be connected 
to Bus B3 at 'B' Power Station. The commissioning of No.8 unit will 
boost the gross generating capability of the 'A' and 'B' Stations to 
248 MW (276 MVA) and the firm capacity to 188 MW (209 MVA). 
3. Two 90-MVA booster-reactors having on-load tap-changers are to 
be installed in the duplicate link between the main and reserve sections 
of 33 kV Busbars B2 and B3. The planned commissioning date is early 
1986 but this is also open to doubt. These reactors will control the 
power transfer between Busbars B2 and B3 and are also planned to limit 
the fault level on Bus B2 and Bus B3 to 1000 MVA and 1500 MVA respect-
ively. 
In addition to the plant described above, two coal-fired boilers 
(No.7 and No.8) each having an output capacity of 300 tonnes of steam 
per hour (65 MW) are in the planning schedule. No.7 Boiler was planned 
for commissioning during early 1985 whereas No.8 Boiler is due to be 
commissioned in early 1986. The commissioning of these two boilers will 
boost the generating capability from coal-firing, to an estimated 160 MW 
which is approximately 55% of the total steam capability (294 MW) of the 
two power stations. 
7.5.2 Transmission and Distribution System Developments 
Major developments are expected to be complete in connection with 
the transmission and distribution systems within the Short Term period as 
follows: 
1. A 33 kV double-circuit line of 20 MVA nominal capacity per cir-· · 
cuit, extending from 'B' Station 33 kV Bus B3 to the existing Mosta 
Distribution Centre. A new 33 kV bus including the associated switch-
gear is to be installed in the vicinity of the existing Mosta 33 kV Bus. 
In the analysis that follows the old Mosta 33 kV Bus will be designated 
as Mosta 1 and the new 33 kV Bus as Mosta 2. In addition the existing 
33 kV No.l Mosta feeder will be disconnected from Mosta 1 and connected 
to Mosta 2, whilst the new double-circuit line comprising No.2 and No.3 
Mosta feeders will be connected to the 33 kV Mosta 1 Bus. The two 
existing 33 kV No.l and No.2 Mellieha feeders will remain connected to 
the 33 kV Mosta 1 Bus. However in future, these feeders will normally 
be supplied from the new 33 kV Mosta 2 Bus through"two short cable links 
connected between these feeders and the 33 kV Mosta Bus control switch-
gear with the two 33 kV Mosta 2 circuit breakers presently controlling 
these feeders, maintained normally open. The commissioning of the two 
33 kV Mosta feeders will boost the capacity of the 33 kV feeder groups 
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outgoing from the Power Station to 136.3 MVA. 
2. A 33 kV double-circuit line of 20 MVA nominal capacity per cir-
cuit extending from the Mellieha Distribution Centre to a new substation 
at Marfa Vendome. A new 33kV bus including the associated switchgear 
will also be installed at Marfa Vendome. In the analysis that follows 
this substation will be designated as Vendome. This double-circuit 
line will be initially operated at 11.5 kV. 
3. A programme of 11.5 kV system reinforcement and expansion.- incor-
porating: 
a) Two 11.5 kV feeder circuits,No. 10 (rated at 5.4 MVA) and No.ll 
(rated at 5.8 MVA) run between 'B' Station Bus Bl and Marsa R.O. and 
Mriehel Herds substations. These two feeders installed in 1984 have 
increased the total capacity of the 11.5 kV network outgoing from the 
generating station to 112.7 MVA. 
b) A redistribution programme aimed to relieve load from those 
33 kV feeders approaching their rated loadings. 
c) Commissioning of a number of 11500/415 V area substations and 
the strengthening of existing ones including uprating of transformers 
in order to meet additional demands, improve the quality of supply and 
meet the increased consumer loads. 
d) 'Reinforcement of existing low ·voltage (415/240) overhead lines· 
and laying of new substation feeder cables to meet demands for new 
building developments, improve supply voltage regulation and reduce net-
work losses. 
Details of the 33 kV developments are included in Figs. 7.4, 7.5 
and 7.6. Analysis of the effectiveness of these developments will be 
considered in later sections. 
The dates of completion stated above are based on the latest inform-
atuon available at the time of preparing this report. 
7.6 Situation at End of Period With Planned Reinforcements Included 
(Figs. 7.4, 7.5 and 7.6 refer) 
7.6.1 Generating Plant Availability 
With all the developments described above being realised, the gross 
generating plant capability will be boosted to 248 MW (276 MVA) inclusive 
of 17 MVA of generation from 'A' Station. This is obviously adequate to 
meet the maximum expected (high growth scenario) load requirement of 
197 MVA even with 'A.' Station totally shut down (although this will create 
other problems). However the corresponding firm generating capacity will 
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still only be 188 MW (209 MVA), implying a margin of 12 MVA (6.1%). 
Although this value of firm generating capacity may be considered 
adequate it reveals the disadvantage of increasing the generation by 
large discrete steps. Thus the addition of No.8, 60 MW generator will 
result in a step increase of (60/188) x lOO% = 31.9% but this increase 
in generation will be lost in the event of an outage of this unit. On 
the other hand the advantages include the higher efficiencies and reduct-
ion i:n the cost per unit generated (provided the unit is used for base 
• 
operation). They also include economies in space which in this case 
is a valuable asset. 
If there are delays in the commissioning of No.8 generator then the 
total availability will fall to 188 MW (209 MVA) which is still satis-
factory, but the reserve margin will be only 6.1% above. the anticipated 
load demand which gives cause for some concern. Furthermore, the firm 
capacity will now become 158 MW (175.5 MVA) which would be below all the 
loadings expected under all the three load '.growth scenarios adopted. In 
these circumstances, 'A' Station will be required to provide all its 
available 15 MW (17 MVA) of generation output. 
The above analysis considers the worst case (outage or non-availa-
bility of the largest generator). Hence the outage of one of the 
remainder of the generating units will not cause any serious problem 
provided No.8 generator is available. A more comprehensive assessment 
of the global situation is given below following the investigation of the 
loading of station busbars and inter bus links. 
7.6.2 The 33 kV Transmission System 
With the high growth scenario the load on the North-Western region 
(Mellieha, Mosta, Msierah) of the transmission network is expected to 
increase to approximately 67 MVA. With the commissioning of the two new 
33 kV No.2 and No.3 Mosta feeders and the load redistribution as proposed 
in Fig. 7.4, 7.5 and 7.6, the resulting five circuits (each having a 
nominal capacity of 20 MVA) should be able to cope with the imposed load 
quite adequately. A serious problem will however be created if the two 
new Mosta circuits are not completed since this would leave a deficiency 
of 7 MVA even under total plant availability conditions. 
ing of one circuit will at least remove this deficiency. 
The commission-
However if 
neither of the two circuits is completed and subsequently one of the 
three existing circuits becomes unavailable this deficiency will rise to 
27 MVA, creating a very serious situation. In such an event the problem 
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would have to be dealt with by load transfer from the 33 kV network to 
the generating station via the 11.5 kV network. Theoretically there 
should be sufficient spare capacity margin on the 11.5 kV network to 
allow such a transfer to be effected. However this transfer would be 
constrained by the capability of the available 11.5 kV interconnections 
and the poor operating conditions which may result. 
2. The load on the South-Eastern region of the transmission network 
which includes the Tarxien load, the Xrobb load and the loads imposed by 
the Halfar Industrial Estate and the Marsaxlokk Port project is expected 
to Lncrease to 46.9 MVA. This implies an overloading of (46.9-39.4) = 
7.5 MVA on the two 33 kV Tarxien feeders, which would further increase 
to 27.2 MVA in the event of outage of these feeders. The situation is 
almost similar to (1) above, except that for the Short Term in question 
no plans are in existence for a provision of a major reinforcement to the 
South Eastern region. Therefore plans need to be made for the transfer 
of at least 7.5 MVA of load (10 MVA of transfer are in fact being propos-
ed as can be deduced from Figs •. 7.4, 7.5 and 7.6) to the 11.5 kV gener-
ating station busbars through the 11.5 kV distribution network. The 
outage of one of the Tarxien feeders will again create a serious problem 
which can only be solved partially through load transfer alone, suggest-
ing the need for future major reinforcements through the installation of 
new 33 kV feeders (which will be considered in the Medium Term Plan). 
' 3. As regards the Msierah, Mosta and Mellieha combined feeder oper-
ation, it is noted that the introduction of the two new 33 kV Mosta 
feeders will enable the load relief of approximately 19.1 MVA from No.2 
Msierah feeder and the Msierah-Mosta interconnector (which could under 
normal operating conditions be maintained open). This will also permit 
the proposed 2 MVA of load transfer from 11.5 kV Bus Bl and about 3 MVA 
from No.l Msierah feeder on to No.2 Msierah feeder which would otherwise 
remain lightly loaded at 4. 99 MVA 1 as may be deduced from Figs. 7. 1 and 
7.4. The new reinforcements and the load transfers proposed above should 
facilitate the transfer of load in the event of failure of any of the 
three Mosta or the two Msierah feeders. 
7.6.3 Station Plant Loading 
There are five sets of busbars A, Bl, B2, 83 and B4 with generation 
connected to the first four, and four interconnecting links Bl-B2, B2-B3, 
B3-B4 and B4-A of which only B2-B3 and B4-A are duplicate links. The 
busbar loading situation is complicated due to the limitations imposed by 
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the rating of these links. Assuming that the Tarxien excess load of 
10 MVA is transferred as proposed (5 MVA to Bus Bl, 3 MVA to Bus A and 
2 MVA to No.2.Msierah Bus through Bus Bl) then the situation depicted in 
Fig. 7.6 will be as described below. 
Busbar B3: The total generation output (including No.B) = (Gross 
output- losses at rated load) that is (166.8-9.1) = 157.7 MVA •. Since 
the total external load is 25.4 MVA then the surplus available for trans-
fer to Busbar B2 is limited to 90 MVA by the reactor link B2-B3 (only one 
reactor is in circuit at any.time) and to 37.5 MVA by the transformer 
link B3-B4. If No.B generator is not available then the total possible 
transfer would be limited to 69.1 MVA. 
Busbar B2: The total generation input is (66.6-3.6) = 63 MVA with a 
further 90 MVA available from Busbar B3 (assuming No.B generator is 
commissioned in time). The total load on this busbar (including the 
power transfer to Busbar Bl) is 93.6 MVA and hence the situation is 
acceptable. Even if No.B generator is not available the input to this 
busbar (42.1+63.0) = 105.1 MVA would still be adequate.· 
Busbar Bl: The predicted loading is 32.3 MVA and to this must be 
added the 5 MVA arising from the partial transfer of the Tarxien load 
as explained above., to give a total loading of 37. 3 MVA. The total 
generation availability is (25.6-1.6) = 24 MVA and if this is fully 
utilised the transfer requirement to Busbar Bl would be 13.3 MVA which 
is well within the capability of the 25 MVA transformer link Bl-B2. 
' Busbars A and B4: The expected load on Busbar A (after the proposed 
partial transfer of the Tarxien load is carried out) is 29.6 MVA and, 
assuming the (17.0-l.O) = 16 MVA generation output to be available, the 
input required to Busbar A from Busbar B4 would be 13.6 MVA. Although 
this link, rated at 25 MVA is capable of coping with this transfer there 
would be some problems if the generated output from Busbar A fell below 
5 MVA since the link would then be overloaded. There is no generation 
connected to Busbar B4 which has an 11.5 V load of 13.4 MVA plus an 
'export' to Busbar A of 13.6 MVA (total 27 MVA) which again is well with-
in the capability of the 37.5 MVA transformer link B3-B4. Assuming no 
generation at 'A' station the total load on link B3-B4 would rise to 
43 MVA and it may then be necessary to attempt to transfer a further 
5.5 MVA to the 11.5 kV network fed from Busbar Bl. 
Link B2-B3: This is a duplicate link comprising two 90 MVA booster 
reactors but only one link is in circuit at any time. The immediate 
function of this link is to transfer the surplus generation output from 
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Busbar B3 to the remainder of the busbar system. The capacity of this 
link is well above any transfer requirements. Even in the event of 
failure of one of the 33.3 MVA generators this link is capable of 
coping with the 62.1 MVA transfer required. Since this is a duplicate 
link outage of one would be covered by the ~emaining link. 
Link Bl-B2: This is a single link supplying the additional· capacity 
over and above that of the generators connected to Busbar Bl, to cater 
for the 11.5 kV load on the busbar which is anticipated to become 
37.3 MVA after the inclusion of the proposed load transfer from Tarxien. 
Under total plant availability conditions this is adequate as can be 
confirmed from Fig. 7.6. The minimum transfer requirement for this 
link is (37.3-24.0) = 13.3 MVA. Even the failure of one of Busbar Bl 
generators, which will then require a power transfer of (13.3+12.0) = 
25.3 MVA, can just be met with by this link. However the outage of 
this link will throw 13.3 MVA on the other busbars. This could be 
coped with, although with some difficulty, by the 11.5 kV feeders. 
Link B3-B4: Under total plant availability conditions, the capacity 
of this link is adequate as can be confirmed from Fig. 7.6. This 
single link is however critical since its outage implies that the total 
load on Busbars B4 and A, less the generation at Busbar A which amounts 
to (29.6+13.4-16.0) = 27 MVA will be thrown on the remainder of the 
network. The generating plant capacity at Bl, B2 and B3 could in theory 
cope with this transfer, but it would require a complex rearrangement of 
the 11.5 kV distribution network. 
cation of Link B3-B4. 
This suggests the need for the dupli-
Link B4-A: Under total plant availability conditions the capacity 
of this duplicate link is adequate as can be confirmed from Fig. 7.6. 
However the failure of one link will only cause a small overload of 
(13.3-12.5) = 0.8 MVA to be imposed on the remaining one provided that 
all generation available at A (17 MVA) is maintained, otherwise addition-
al load transfers from Busbar A to the other busbars would become 
necessary. 
7.6.4 Fault Levels 
The fault levels at points A, B, D, Rand s (ref. Fig. 4.15) were 
computed taking into account the expected Short Term system developments 
(the introduction of No.7 and No.B generator-transformer units and the 
90 MVA, 33 kV interconnector reactor Link B2-B3). 
were as follows 
The results obtained 
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Fault level at point A (maximum permissible 250 MVA) = 249.2 MVA 
Fault level at point B (maximum permissible 500 MVA) = 242.6 MVA 
Fault level at point D (maximum permissible 500 MVA) = 249.2 MVA 
Fault level at point R (maximum permissible 1500 MVA) = 1048.0 MVA 
Fault level at point s (maximum permissible 1000 MVA) = 787.9 MVA 
Hence the situation as regards fault levels is satisfactory. It is 
interesting to note that, with the addition of generators No.7 and No.8, 
but without the introduction of the 90.MVA reactor (that is, with the 
original solid link being retained) the fault levels at A, B, D, R, S 
would respectively be 250.9 MVA, 248.9 MVA, 250.9 MVA, 1117.8 MVA, 
Ill 7..8 MVA, implying that the fault level at S would become higher than 
the short circuit MVA capacity of the respective switchgear, this making 
the situation·unacceptable. 
7.7 Conclusions 
From the above analysis it can be concluded that under total plant 
availability conditions, the Short Term situation as regards generation 
capacity, busbar loadings and interconnecting link capacities is satis-
factory, provided that a minimum of some 7 MVA of generation is maintain-
ed at 'A' Station. If generation ceases at 'A' Station then either a 
reinforcement of the Links B3-B4 and B4-A becomes necessary (i.e. the 
duplication of Link B3-B4 and adding a third reactor to Link B4-A) or 
11.5 kV load must be transferred to Busbar Bl or the 33 kV distribution 
centres. A major problem will be created if Link B3-B4 fails. As 
regards the transmission and distribution system the results of the 
analysis shown in Fig. 7.4 and 7.5 confirm that all MVA flows are below 
the respective feeder capacities, whilst voltage drops are within the 
transformer tap-changing range (0.1 pu) • Thus summarising:-
1. Generator No.8 and the two 33 kV Mosta feeders should be commiss-
ioned before the 1985/6 winter peak. 
2. Steps should. ·be taken to transfer part of the load supplied from 
Tarxien to the remainder of the system in order to relieve the former of 
at least 10 MVA of peak load, with 7 MVA initially being transferred to 
Busbar Bl and 3 MVA to Busbar A followed by a transfer of 2 MVA from 
Busbar Bl to the 11.5 kV side of the transformer fed from No. 2 Msierah 
feeder. 
3. Work should be carried out at 'A' Station in order to ensure that 
17 MVA of generation is available at peak load time. 
4. Redistribution of loads fed from some of the 11.5 kV feeders 
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outgoing from the power station busbars should be continued, to relieve 
load on the more highly loaded feeders. 
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CHAPTER 8 
THE MEDIUM TERM DEVELOPMENT PLAN 
8.1 Introduction 
The Medium Term is here defined as that period between the .present 
and the 1988/9 peak load. This period is considered to be suffi.ciently 
long to permit the execution of essential major reinforcements nece3sary 
to meet the anticipated load demand reliably and efficiently. It was 
considered judicious to study only the high (10%~ and medium (7%) load 
growth rate scenarios because the difference between the medium and low 
(5.5%) growth rates over the time scale considered is small, particular-
ly when compared to the discrete step increases in generation and trans-
mission plant capacities. that are likely to be proposed, Details of the 
forecasted annual peak load demands and their regional apportionment were 
given in Fig. 6.6 and Tables 6.6 and 6. 7.· However as the load grows, 
the existing 33/11.5 kV bulk load distribution centres will reach satura-
tion and new ones will need to be created. Hence the basic load 
apportionment shown in Table 6.7 will need to be iterated so as to take 
into account the necessary transfers of excess loads from the saturated 
centres to the new ones. Details of the proposed load transfers will 
be given in later sections. 
Alternatively the Medium Term can simply be defined as that period 
at the eud of which the load has grown to a particular value. This has 
the advantage that the planning time scale is flexible allowing acceler-
ation or deceleration of the plan according to circumstances. The 
anticipated load at the end of the period (10% annual load growth) is 
262 MVA and this has been adopted as a target figure with alternative 
proposals for medium load growth (7%) giving a figure of 228 MVA. The 
plans proposed are capable of dealing with these circumstances and if 
necessary, the termination date 1989/9 can be extended or, within limits, 
reduced accordingly. 
8.2 The Situation at the Beginning of the Medium Term Development Plan 
The general situation at the beginning of the Medium ~erm plan is 
anticipated to be as follows: 
Total system loading (high growth scenario) 
Total loading on the outgoing supply network 
Station auxiliary plant loadinq 
Gross generating capacity (248 MW) 
197.0 MVA 
; 186.0 MVA 
ll.O MVA 
; 276.0 MVA 
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Firm generating capacity (188 MW) 
Reserve generation capacity margin (60RW) 
Total capacity of outgoing network (33 & 11.5 kV) 
Firm capacity of outgoing network (33 & 11.5 kV) 
Reserve capacity margin on outgoing network 
(33 & 11.5 kV) 
Loading on the 33 kV network 
Total capacity of the 33 kV network 
Firm capacity of the 33 kV network 
Reserve capacity margin on the 33 kV network 
Loading on the 11.5 kV network outgoing from 
Busbars Bl, B4, A 
Total capacity of the 11.5 kV network 
Firm capacity of the 11.5 kV network 
Reserve capacity margin on the 11.5 kV network 
Loading on the. 33/11.5 kV transformers 
Total capacity of the 33/11.5 kV transformers 
Firm capacity of the 33/11.5 kV transformers 
Reserve capacity margin on the 33/11.5 kV trans-
formers 
= 209.0 MVA 
= 79.0 MVA(40.l%) 
= 249.0 MVA 
= 229.0 MVA 
= 63.0 MVA(33.9%) 
= 105.7 MVA 
= 136.3 MVA 
= 116.3 MVA 
= 30.6 MVA(28.9%) 
= 80.3 MVA 
= 112; 7 MVA 
= 106.7 MVA 
= 32.4 MVA(40. 3%) 
= 105.7 MVA 
= 170.1 MVA 
= 147.6 MVA 
= 64.4 MVA(60.9%) 
With the implementation of the reinforcements described in Sections 
7.4.1 and 7.4.2 and the transfer of the 10 MVA load from Tarxien as 
·proposed in Section 7.5.21 the general situation as regards the system 
adequacy at its transition stage from the. Short to the Medium Term period 
can be considered as being satisfactory. However there are potential 
problems which require longer term solutions and these must be part of 
the Medium Term development plan. These problems are discussed below. 
1. The transfer of 10 MVA of load from the Tarxien feeders to the 
Power Station 11.5 kV Busbars A and Bl relieved Tarxien at the expense 
of a reduced capacity margin on these bushars. Such transfers to the 
Station 11.5 kV busbars cannot continue indefinitely and a practical 
loading limit to these busbars needs to be established. Furthermore, 
a survey carried out on site indicated that the installation of addition-
al 11.5 kV outgoing feeders is unlikely to be feasible because of the lack 
of spare circuits on the 11.5 kV switchgear panels and the very restricted 
space left to accommodate new switchgear extensions. These problems and 
their proposed solutions are discussed in a later section. 
2. The proposed 10 MVA load transfer from Tarxien has temporarily 
solved the overloading problem an·ticipated under total plant availability 
conditions. However the outage of one of the 33 kV Tarxien feeders 
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(despite the above 10 MVA transfer) would still create a deficiency of 
17.2 MVA. Only a further transfer of approximately 5 MVA to the 11.5 kV 
busbars is likely to be possible, before the practical loading limit of 
these busbars is reached. It appears possible to first transfer some 
further load from the Station 11.5 kV busbars to No.2 Msierah feeder. 
but this would involve a complex switching arDangement and result in poor 
operating conditions. This suggests the need for a more permanent solu-
tion through, possibly, the provision of a major 33 kV reinforcement at 
Tarxien. 
3. Although under total plant availability conditions the capacity 
of the 37.5 MVA transformer Link B3-B4 is adequate, such a single link 
is critical, since its outage would throw 27 MVA (under the 1985/6 high 
growth conditions) on to the remainder of the 11.5 kV network. This 
transfer would be extremely difficult and perhaps impossible unless the 
link were duplicated. 
4. A further study of the loading conditions of individual 11.5 kV 
feeders outgoing from the power station identified a problem of high 
energy losses on the No.5 and No.6 feeders outgoing from Busbar Bl and 
supplying the Reverse Osmosis Plant at Ghar Lapsi. The route length of 
these feeders is approximately 13 km and the plant takes a constant load 
of approximately 7.5 MVA with the prospects of further load growth. The 
energy loss in these feeders is estimated to be 3xlo6 kWh (5.1% loss). 
A similar problem applies· to the supply to Gozo island, (1985/6 anti-
cipated demand 10.6 MVA) where, in addition to high energy losses in the 
11.5 kV supply feeders, problems of low voltage at consumer terminals 
exist. The feeder route length between Mellieha and Gozo is approxi-
mately 11.5 km and the annual losses are estimated at approximately 6.4%. 
8.3 Anticipated Medium Term System Loading 
The forecasted annual peak load demands and the basic regional load 
apportionments are shown in Tables 6.6 and 6.7. These have been modified 
in accordance with the Short Term proposals of Chapter 7 and the results 
are shown in Figs. 7;4, 7.5 and 7.6. 
The next stage was to study the Medium Term regional load growth 
adopting the loading apportionment likely to exist at the end of the Short 
Term as the starting point, assuming first, that no further load transfers 
or additional system developments are implemented. Although loads may be 
transferred their growth rates (as estimated in Chapter 6) must be preserv-
ed, this being reflected in the derived Table 8.1. This is because load 
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growth rates depend on the geographical location of the loads and not on 
the location of the supply source. 
8.4 Performance of the Unmodified System in the Medium Term 
The performance of the Enemalta Supply System was next investigated 
under the forecasted Medium Term loading conditions, assuming that the 
likely 1985/6 system arrangement is unmodified·and no load transfers are 
effected during_this period. The high growth scenario was first con-
sidered since planning for this case will need to deal. with the worst 
conditions (and the most difficult problems) whilst offering the best 
insurance against future shortages. It would generally be easier to 
delay the reinforcement programme in the event of a lower growth rate, 
than to accelerate it in the event that a higher growth rate than that 
anticipated materialises, particularly in the case of large block load 
demands. It would also yield more flexibility allowing a planned pre-
ventive maintenance scheme to be adopted in full. The medium growth 
scenario will also be considered as this will aid in determining the. 
priorities regarding the installation of particular components of gener-
ation or transmission plant. 
8.4.1 The Generation Aspect 
With the planned Short Term development programme completely imple-
mented the total generation would increase to 276 MVA, which is slightly 
higher than the forecasted demand (high growth rate) of 262 MVA. Thus 
under total plant availability conditions the assumed generation would be 
sufficient to cope with all the predicted Medium Term peak load demands. 
However the resulting capacity margin will be only 14 MVA (5.34%) imply-
ing that the existing generating plant at 'A' Station must be maintained 
in service. Under the medium growth rate scenario the capacity margin 
by the end of the Medium Term would be (276-228) = 48 MVA (21.05%) whilst 
under a low growth rate scenario this margin would become (276-213) = 
63 MVA (29.58%), which makes the situation acceptable. However when 
considering the outage .situation it is evident that the Firm generating 
capacity (209 MVA) is insufficient under all the three scenarios, so giving 
cause for concern. To satisfy the end of the Medium Term peak demand con-
ditions the Firm generating capability would have to be theoretically 
increased by (262-209) = 53 MVA. In practice this implies the addition 
of the second (No.9) 60 MW (67 MVA) generator unit (which has already been 
purchased) or, alternatively, the installation of two new 30 MW units. 
The outage of any of the five 30 MW (33.3 MVA) sets will, under the 
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high growth scenario, create a similar (though smaller) problem. It is 
noted that such a deficiency in generation would imply the suspension of 
supply to some consumers. The failure to reinforce the generation 
system by the end of the Medium Term thus implies the risk of electricity 
shortage. 
8.4.2 The Transmission and Distribution Network 
The situation is illustrated in Table 8.1 and Figs. 8.1, 8.2 and 
8.3 which also indicate the anticipated regional load growths during the 
Medium Term assuming that no load redistributions take place. 
A study of Fig. 8.1 indicates that even under total plant availa-
bility conditions the two 33 kV Tarxien feeders, as well as No.l Mosta 
feeder and No. 1 Msierah feeder are expected to become overloaded by 
the end of the Medium Term given a high growth scenario. This situation 
is also illustrated in Fig. 8.2, whilst Fig. 8.3 further indicates that 
the feeder groups outgoing from Busbars Bl, B2 and B4 would become margin-
ally overloaded. The highest overloading is expected to occur on both 
Tarxien feeders and No.l Mosta feeder. However there would still be a 
reasonable spare capacity ~argin left on No.2 and No.3 Mosta feeders and 
on No.2 Msierah feeder. 
Considering the supply network outgoing from the generating station, 
it is noted that the total capacity is 247.5 MVA giving a firm capacity 
of (247.5-20) = 227.5 MVA which is lower than the expected high growth 
demand of 262 MVA as well as the medium growth demand of 228 MVA. This 
implies that there will be a need for a significant reinforcement of the 
outgoing network during the course of the Medium Term period. 
If outage conditions are now considered it is seen that there will 
be very serious problems unless network reinforcements are provided. 
Failure of one of the Tarxien feeders will create a deficiency in trans-
mission capacity of about 28.7 MVA which will be impossible to cope with. 
Failure of No.l Mosta feeder would throw 24 MVA (after the respective 
circuit breakers are closed) on No.2 and No.3 Mosta feeders, which would 
only be capable of accepting 6 MVA of this load. A further 6 MVA may be 
able to be transferred to No.2 Msierah feeder by closing the Mosta-Msierah 
33 kV interconnector circuit breakers, but the remainder(l2 MVA)would then 
have to be shed leaving some consumers without supply. 
Considering now the outgoing 11.5 kV network it can be seen from 
Fig. 8.3 that the feeder group supplied from Busbar Bl would, under a high 
growth scenario be overloaded by (49.6 - 49.0) = 0.6 MVA, whilst the 
1985/6 1986/7 1987/8 1988/9 
LOAD POINT MEDIUM HIGH MEDIUM HIGH MEDIUM HIGH MEDIUM HIGH 
MVA MVA MVA MVA MVA MVA MVA MVA 
MSIERAH 24.3 25.7 26.1 28.5 28.0 31 .4 30.0 34.7 
MOST A 24.1 25.4 25.8 28. 1 27.6 30.8 29.5 34.0 
MELLIEHA 7.7 8. 1 8.2 9.0 8.8 10.0 9.4 11.0 
GOZO 9.0 9.6 9.6 10.6 10.4 11.8 11 • 1 18.0 
TARXIEN 19.0 20.1 20.4 22.1 21.8 24.3 23.4 26.7 
XROBB 5.5 5.6 5.8 6.0 6.2 6.5 6.6 7.0 
HALFAR 8.2 11.2 8.8 12.4 9.4 13.6 10.1 15.0 
'B' STN. BUS B1 36.1 37.3 38.6 41.2 41.3 45.0 44. 1 49.6 
'B' STN. BUS B4 13.0 13.4 14.1 14.8 15.2 16.3 16.5 18.0 
'A' STN. BUS A 28.6 29.6 30.5 32.5 32.6 35.2 34.8 38.5 
TOTAL NETWORK LOAD 175.5 186.0 187.9 205.2 201.3 224.9 215.5 247.5 
STATION PLANT LOAD 10.5 11 • 0 11. 1 11.8 11.7 13.1 12.5 14.5 
TOTAL SYSTEM·LOAD 186.0 197.0 199.0 217 .a . 213.0 238.0 228.0 262.0 
Table 8.1 Forecasted Medium term annual peak load demand and apportionment with no system developments and 
load redistribution 
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feeder group outgoing from Busbar B4 will be overloaded by (18.0-17.7) = 
0.3 MVA. The spare capacity on the 11.5 kV feeder group outgoing from 
Busbar A will only be (46.0-38.5) = 7.5 MVA. The capacity of the nine-
teen 11.5 kV feeders is 112.7 MVA whilst the corresponding loading 
anticipated by the end of the Medium Term would be 106.1 MVA and 95.4 MVA 
under the high and medium growth scenarios respectively (assuming that no 
load transfers are carried out) • As has already been noted, space 
restrictions are likely to prohibit the addition of new 11.5 kV feeders. 
Hence when the loading on any of the three 11.5 kV feeder groups exceeds 
the permissible limit, this overloading problem would need to be solved 
simply by the transfer of the excess load to the nearest 33/11.5 kV dis-
tr:l.bution centre (provided that the spare capacity on these centres is 
sufficient) • Otherwise further load transfers to new distribution 
centres will become necessary. The actual loading limits are discussed 
below. It is also noted that approximately 10 MVA of load on Busbar Bl 
is due to the Ghar Lapsi Desalination plant demand. Transfer of this 
load to the 33.kV system would therefore relieve Busbar Bl of a signifi-
cant portion of its loading. 
8.4.3 Loading on the Distribution Centre Transformers. 
The total installed capacity of the eleven 33/11.5 kV distribution 
centre transformers at the beginning of the Medium Term period is 
expected to be 170.1 MVA. The peak loading on these transformers is 
(from Table 8.1) anticipated to reach values of 141.5 MVA and 120.1 MVA 
(under the high and medium growth scenarios respectively) , by the end 
of the Medium Term. Because load transfer between these transformers 
is necessarily limited due to geographical and network factors a signifi-
cant overcapacity margin will need to be allowed. Furthermore the load-
ing of the two transformers in any of the 33/11.5 kV substations implies 
that if one becomes unavailable (through failure or outage for mainten-
ance) the remaining transformer will have to cope with the total station 
load (normally about twice the load on one transformer) which is not 
acceptable. The operation of the transformers under cyclic rating con-
ditions will permit the continuous maximum rating to be raised by approx-
imately 30% (under the winter peak loading conditions expected in Malta), 
which would partly solve this problem. Thus for two 15 MVA transformers 
the cyclic rating becomes (2xl5)xl.3 = 39.0 MVA or 19.5 MVA per trans-
former. Hence if one transformer fails (when both are carrying full load) 
then the resulting excess load under cyclic load operating conditions will 
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be (30-19.5) = 10,5 1-IVA instead of 15 MVA, This 10.5 MVA load would 
then have to be transferred to the other sections of the network, provid-
ed sufficient spare capacity exists, 
From Table 8.1 it can also be noted that under the high growth 
scenario the expected loading on the Mosta 1 distribution centre (34,7 
MVA) will be exceeding the respective transformer capacity (2xl5 MVA) 
whilst the loading on the Tarxien distribution centre (26.7 MVA) will be 
approaching this c~oacity. Under outage conditions the loading situ-
ation will be further aggravated, also implying that larger load trans-
fers would need to be effected. 
The conclusions which can be drawn from the above analysis as 
regards the 33/11.5 kV distribution centre transformers are:-
1, Although the total installed capacity of the transformers is 
higher than the anticipated Medium Term peak load, individual trans-
formers are expected to be overloaded, 
2. The 2xl5 MVA Mosta 1 transformers will need to be uprated to 
2x22.5 MVA possibly followed by the 2xl5 MVA Tarxien transformers. 
3. A maximum loading limit on the regional distribution centres needs 
to be set, taking also into account the cyclic loading capabilities of 
the respective transformers. 
8.4.4 Loading on the Generating Station Busbars 
The loading situation of the five sets of station busbars was 
assessed by investigating the relationship between the generating supply 
and load demand as shown in Fig, 8.3. Both the high and medium growth 
rate scenarios were considered, 
Busbars A and B4 With 17 HVA of generation available at Busbar A the 
import required from Busbar B4 is 22.5 MVA and 18.8 MVA under the high 
and medium growth scenarios respectively, which is within the 25 MVA 
capability of Link B4-A. A high growth load (18 MVA) would be slightly 
in excess of the feeder group capacity (17.7 MVA), whilst a medium growth 
load (16.5 MVA) would be slightly below this capacity, The expected 
loadings on Link B3-B4 under high and medium growth conditions are res-
pectively 40.5 MVA and 35.3 MVA implying an overloading of 3 MVA (for 
the high growth load) , and necessitating a load transfer from Busbar B4 
of approximately 5 MVA in order to limit the loading on this busbar to a 
practical working value, 
The outage of one of the generators in the group feeding Busbar A 
would result in approximately 5.3 MVA loss in generation, implying that 
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the net loading on Busbar A and hence the import through Link B4-A 
will need to be increased accordingly. This would increase the loading 
on Link B4-A to 28 MVA (high growth) and 24.1 MVA (medium growth) which 
would necessitate a load transfer of at least 3 MVA from Busbar A to 
other sections of the network. Limiting the loading on Busbar A to 
approximately 32 MVA would also prevent overloading of Link B4-A (and 
B3-B4) in such an event. 
Busbar Bl The net generation availability on this busbar is 24 MVA. 
The expected loadings are 49.6 MVA (high growth) and 44.1 MVA (medium 
growth). With all generation on Busbar Bl available the respective 
transfer requirements over Link Bl-B2 will be 25.6 MVA and 20.1 MVA, 
implying a small overload of 0.6 MVA under the high growth scenario. 
The expected loading on Busbar Bl will also be exceeding the respective 
outgoing feeder group capacity (49 MVA). Hence there will be a need 
to transfer the excess load to the 33/11.5 kV distribution centres in 
order to reduce the excess loading on both Bl feeder group and Link Bl-
B2. Limiting the loading on Busbar Bl to a lower value (e.g. 35 MVA 
during.peak load) would also prevent overloading of both the outgoing 
feeder group and Link Bl-B2. Furthermore in the event of the outage 
of one of the generators in Group Gl limiting the loading in Busbar Bl 
(through a minimum reduction in loading by[ 49.6-(25+12U = 12.6 MVA, 
that is to 36 MVA) would prevent overloading of both Link Bl-B2 and 
the feeder group outgoing from Busbar Bl. 
Busbar B2 The net generation input to this busbar is 63 MVA with 
a further 90 MVA transfer available through Link B2-B3. With the gen-
eration on Busbar Bl totally available the expected total loadings 
(including exports) on Busbar B2 are (107.4+25.6) = 133.MVA (high growth) 
and (90.6+20.1) = 110.7 MVA (medium growth), implying respective imports 
to Busbar B2 and hence loadings on Link B2-B3 of (133-63) = 70 MVA and 
(110.7-63) = 47.7 MVA. These are both well within the 90 MVA capa-
bility of one of the duplicate reactors.constituting .this link. The 
network loading on Busbar B2, under the high growth· scenario (107.4 MVA) 
would also be exceeding the outgoing feeder group capability (98 MVA) 
again implying the need for either a planned reduction in loading on 
Bus B2 or the addition of new 33 kV outgoing feeders (Tarxien side). 
With the system loading conditions maintained as shown in Fig. 8.3, 
then the outage of one of the generators in Group G2 implies that Link 
B2-B3 would be overloaded by 11.5 MVA, in addition to the overloading on 
the feeder group outgoing from Busbar B2 imposed by the network loading. 
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This overloading on both Link B2-B3 and the outgoing feeder group can 
be eliminated by limiting the network load· on Busbar B2 to a theoretical 
maximum of (107.4-11.5) = 95.9 MVA, although some further reduction 
would be desirable. It is to be noted, that a site survey also indi-
cated that with a future (No.9) generator connected to Busbar B2, there 
will be no spare circuits left on Busbar B2 to accommodate additional 
33 kV feeder circuits. The addition of a new generator on Busbar B2 
would also improve load rationalisation between Busbars B2 and B3. 
Busbar B3 With No.8 generator in service the net generation avail-
able on Busbar B3 is 157.7 MVA. The respective anticipated feeder 
group loadings are 34.0 MVA (high growth) and 29.5 MVA (medium growth) 
resulting in corresponding surplus generation capacities on Busbar B3 
of 123.7 MVA and 128.2 MVA which would be available for transfer to 
Busbar B2 and B4. Hence the loading situation on Busbar B3, as regards 
load transfers is considered satisfactory. Again analysis indicates, 
that a more equitable distribution of busbar loadings would be achieved, 
with the next (No.9) generator connected to Busbar B2, as it will relieve 
loading on Link B2-B3 and improve supply security. 
8.4.5 Loading on the Interbus Links 
The interbus loading situation for the high growth rate scenario 
is illustrated in Fig. 8.3 from which it is seen that Link B3-B4 is 
expected to be overloaded by 2.5 MVA. For Link Bl-B2 the amount of 
overloading is small (0.6 MVA). There is sufficient spare capacity 
on Links B2-B3 and B4-A to enable them to cope with the expected high 
growth load under total plant availability conditions. Under a medium 
growth scenario the loadings on Links Bl-B2, B2-B3, B3-B4 and B4-A 
are expected to be 20.1 MVA, 47.7 MVA, 35.3 MVA and 18.8 MVA respect-
ively which are all below the capabilities of the respective links 
although the spare capacity margin on Link B3-B4 is rather low (only 
2.2 MVA). The situation arising from the outage of individual links 
was considered and is discussed below. 
Link Bl-B2 This link normally supplies the capacity over and above 
that of the generators supplying Busbar Bl. This link is critical 
since its outage implies that the total load on Busbar Bl less gener-
ation, that is 25.6 MVA (for a high growth scenario) and 20.1 MVA (for 
a medium growth scenario) will be thrown on the remainder of the network. 
However, because the oth~r feeder groups are already overloaded or 
approaching their rated loading, the transfer of the above loads becomes 
very difficult (except for some small transfers to Busbar A) , which 
-159-
would lead to load shedding. This indicates the need to limit the load-
ing on Link Bl-B2 or perhaps duplicate it. 
Link B2-B3 Normally only one of the 90 MVA reactors constituting 
this link is used at any time, the other serving as a reserve, Hence 
the outage of one reactor is. not expected to create a problem, since 
the other one can be switched in circuit, However, ·Under the high 
growth scenario, failure of one of the 33 MVA generators feeding Busbar 
B2 will necessitate a total power transfer through Link B2-B3 of 
101.5 MVA which implies an overload. Introducing the reserve reactor 
to operate in parallel with the first one, enabling the load to be 
transferred, reduces the effective network impedance and increases the 
prospective fault level on Busbar B2 beyond the allowable limit (1000 
MVA), The connection of the next (No.9) generator to Busbar B2 would 
solve this problem. 
Link B3-B4 This link is highly critical since its outage would imply 
that the total load on Busbars B4 and A (less the generation at Busbar A) 
i.e. 40.5 MVA (for a high growth) and 35.3 MVA (for a medium growth) 
would be thrown on the rest of the network which, from Fig, 8.3 can be 
seen to be either overloaded or approaching full capacity, This implies 
that load transfer is not feasible, leading to load shedding. In fact 
this is one of the problems inherited from the Short Term and subsequent-
ly aggravated suggesting the duplication of this link as well as the 
provision of new load distribution centres in addition to the limitation 
of loading on Busbars B4 and A, 
Link B4-A This is a duplicate link but if one fails the other would 
become overloaded by 10 MVA in the event of a high growth rate and by 
6.3 MVA under a medium growth rate scenario. This of course assumes 
that all the net 16 MVA of generation at Busbar A is available, otherwise 
the situation would become worse. Load transfer to other busbars is 
hardly feasible, suggesting the need for the provision of new load dis-
tribution centres in addition to the limitation of loading on Busbar A. 
Triplication of Link B4-A is also suggested, 
8.5 Proposals for Medium Term System Development 
On the basis of the above analysis, proposals for the solution of 
the problems identified are formulated below taking into account the 
relevant factors discussed in the previous Chapters. The proposed 
developments are shown in Fig. 8.4, 8.5 and 8.6 together with the load 
redistribution proposals which are given in Table 8.2. 
1985/6 1986/7 1987/8 1988/9 
LOAD POINT MEDIUM HIGH MEDIUM HIGH MEDIUM HIGH MEDIUM 
MVA MVA MVA MVA MVA MVA MVA 
MSIERAH 24.3 25.7 26. 1 28.5 28.D 31.4 3D.O 
MOST A 24. 1 25.4 25.8 28.1 27.6 30.8 29.5 
MELLIEHA 7.7 8. 1 8.2 9.0 8.8 10.0 9.4 
GOZO 9.0 9.6 9.6 10.6 10.4 11.8 11. 1 
TARXIEN 19.0 20.1 20.4 22. 1 . 25.0 28.0 31.3 
XROBB 5.5 5.6 5.8 6.0 6.2 6.5 6.6 
HALFAR 8.2 11.2 8.8 12.4 9.4 13.6 1 o. 1 
LAPS I 
- - - -
10.9 12.8 12.5 
'B' STN. BUS B1 36.1 37.3 39.2 43.1 34.0 36.0 34.0 
'B' STN. BUS B4 13.0 13.4 13.0 13.4 11.0 12.0 11.0 
'A' STN. BUS A 28.6 29.6 31.0 32.0 30.0 32.0 30.0 
TOTAL NETWORK LOAD 175.5 186.0 1ST. 9 205.2 201.3 224.9 215.5 
STATION PLANT LOAD . 10.5 11.0 11. 1 11 • 8 11 • 7 13.1 12.5 
TOTAL SYSTEM LOAD 186.0 197.0 199.0 217.0 213.0 238.0 228.0 
Table 8.2 Forecasted Medium term annual peak load demand and apportionment with system developments and 
load redistribution included 
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8.5.1 Generation Developments 
On the basis of the above analysis, proposals for the solution of 
the problems identified are formulated below taking into account the 
relevant factors discussed in the previous Chapters. The proposed 
developments are shown in Fig. 8.4; 8,5 and 8,6 together with the load 
redistribution proposals which are given in Table 8.2. 
8.5.1 Generation Developments 
The gross generation capability of the Enemalta Power Stations at 
the 1985/6 development stage is expected to be 276 MVA with all the 
planned Short Term reinforcements being realised. This provides a 
firm capacity of 209 MVA, On the other hand the forecasts for the high, 
medium and low growth scenarios have indicated respective peak demands 
of 262 MVA, 228 MVA and 213 MVA by the end of the· Medium Term, It is 
evident from these figures that, although under total plant availability 
conditions, the generation capability would be sufficient to meet all 
the peak load demand scenarios, the firm generating capability is 
insufficient to cope with any, This implies that if no new generation 
reinforcement is provided during the Medium Term period there would be 
a shortage of capacity if either No.8 generator (worst case) or any one 
of No.3- No.7 generators becomes unavailable during these peak load 
periods. In other words there wouldl:><! a serious risk that some con-
sumers would be left without electricity supply. 
The proposals for generation reinforcements should aim to reduce 
the risk of shortage of supply to a minimum. However this must be also 
consistent with the ability to execute the necessary reinforcements 
within the time scale available including any other constraints that 
might be imposed, One of these is the problem of locating the new 
generating plant in the restricted space available, For example, in 
order to accommodate a new (N.o, 9) generator at the 'B' Power Station 
site, considerable civil engineering works would be involved including 
the demolition of existing buildings. There might also be other 
problems with temperature effects on turbine condenser cooling water 
created by the increased water demand rate and tHe vicinity of the 
existing inlet and outlet c~oling water culverts. This suggests that 
the development limit of the 'B' Power Station site has been reached, 
and the need to find additional suitable sites to construct new power 
stations to cater for future load increase, Furthermore, it is to be 
noted that No,9 generator rated at 60 MI'T (67 MVA) has already been 
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purchased (as .second hand) by Enemalta and this limits choice. The 
following alternative proposals are formulated on the basis of the 
above analysis and the planning strategy as discussed in Chapter 3, 
taking into account the latest information available regarding the 
generation development situation in Malta. 
Alternative 1: Installation of No.9, 60 MW (67 MVA) generator on Busbar 
B2 at the 'B' Power Station Site 
Although this unit has already been purchased, the latest inform-
ation availableat the time of preparing this report was that a final 
decision has yet to be taken as to whether it is to be refurbished and 
installed or mothballed. As has already been explained there are 
problems regarding civil engineering works, cooling water adequacy and 
space restrictions. However the installation of No.9 generator at 'B' 
Station appears to be the most.practical alternative. The commission-
ing of this unit will increase the gross generating capability of the 
combined 'A' and 'B' Stations to 343 MVA and the firm capability to 
276 MVA. Analysis of the present and likely future situation suggests 
that this alternative is the one with the highest probability both of 
meeting the expected medium term load growth under all growth scenarios 
and of being realised within the available time-scale (1988/9). 
The proposal for the installation of this unit is primarily aimed 
·at increasing the base load generation permitting the medium size (and 
therefore less efficient) units to be used mostly during the winter 
season, and the smaller (and older) units for peak lopping. The con-
nection of this unit to Busbar B2 will also rationalise loadings on 
Busbars B2 and B3, Because of the problems involved,~t is ·recommended 
that plans for the installation of this unit be taken in hand as. a 
matter or urgency if commissioning i·s to be realised in time. 
Alternative 2: Construction of a New Generating Station at .Marsaxlokk 
This involves a site on the southern side of Marsaxlokk Harbour in 
the vicinity of Halfar Industrial Estate adjacent to the seashore, This 
station would initially consist of two steam-driven turbo-gen~rators 
with two coal/oil fired boilers of corresponding capacity, The initial 
cost of the dual fired boilers would be higher but the proposals allow 
for flexibility as regards the choice of fuel so as to take advantage of 
price and availability fluctuations. 
to be the more economical choice, 
In the long term this may prove. 
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The reasons for proposing the location of this station at Marsaxlokk are:-
a) The station would be near to a source of cooling water supply. 
b) The site would be adjacent to the new transhipment terminal which 
will have adequate facilities for berthing large oil tankers or 
bulk fuel carriers. 
to a minimum. 
Hence fuel handling costs would be reduced 
c) There is good access and most of the infrastructure exists,· 
Ample space exists for the storage of fuel and coal-ash. (This 
is a growing problem at Marsa Power Station). 
d) The proposed site is flat and has good load bearing properties 
e) The station would be located close to two large industrial loads 
with a high growth potential, the Halfar Industrial Estate 
(which is envisaged as by far the largest industrial complex on 
the island) and the Marsaxlokk Transhipment Terminal complex 
which is expected to substantially increase the commercial and 
industrial activity in Malta. 
f) The new power station would significantly reinforce the elect-
ricity supply capacity in the southern region of the island, 
It would relieve a substantial load from the Tarxien feeders 
. and the Marsa Power Station allowing transfer of load from the 
Power Station 11.5 kV Busbars to the south-east 11,5 kV network. 
g) The station would be located near an industrial region but 
remote from most of the residential areas and tourist resorts. 
Hence the adverse effects from environmental pollution would be 
a minimum. 
The biggest drawback as regards this alternative is the time factor 
since it is highly doubtful whether the necessary works would be complet-
ed and the station .commissioned by 1988/9. However, ·in any event, 
after the installation of No,9 generator at 'B' Station, the Marsa site 
would be considered as completed, and thereafter a new power station site 
would need to be found. It is therefore recommended that the necessary 
decisions be taken and plans made to enable the construction of this 
station to commence (see also Chapter 9). 
Alternative 3: Construction of a New Generating Station in Gozo 
This would be constructed adjacent to the Desalination Plant and 
would consist of two gas-turbines each rated at approximately 10 MVA. 
These turbines would be designed to burn either light oil fuel or gas 
so providing more operating flexibility. It is realised that the cost 
-167-
per kWh generated·might be higher than that from oil/coal firing or 
using diesel engines. 
because: 
However this type of generation is proposed 
1. The island of Gozo which is 5 km distant from the mainland 
depends totally on the availability of the submarine cables 
which have in the past failed, especially when strong sea 
currents in the Malta-Gozo channel occur in the winter. An 
independent standby supply source would provide security of 
supply in the event of a cable failure and, in effect, ease the 
pressure on the main power station. Furthermore there would 
be some load relief to the system in Malta, 
2. The installation of a generating station would improve the 
quality as well as the reliability of supply in Gozo. The 
situation as regards low voltage at consumer terminals espec-
ially during peak load periods would be greatly improved. Pol-
lution of the environment would be a minimum. 
3, Unlike steam plants, gas turbines require no banking up and can 
be started and loaded to full capacity within minutl!s thus pro-
viding for a quick restoration of supply, It is suggested that 
these turbines would be used only in peak load periods or 
emergencies. 
4. A gas turbine station does not require any large quantities of 
cooling water or a large site. The proposed site is near the 
main harbour in Gozo, and this should help to keep fuel trans-
port costs to a minimum. The site would also be close to the 
Desalination Plant load (the largest bulk load in Gozo). 
One big advantage of this alternative is the relatively short time 
required for its installation and commissioning. The disadvantage is 
that the 20 MVA installed capacity would not be sufficient to provide 
the firm generating capacity for the two islands (Gozo and Comino). In 
fact this alternative might rather be considered as complementary to 
Alternative 1. For the Medium Term period the installation of at least 
one of these units (depending on the investment available) is proposed. 
8.5.2 Station Interbus Link Reinforcement 
Analysis of performance of the generating station plant in relation 
to the expected Medium Term load (Section 8.4.5) indicates that under 
total plant availability conditions, the capacity of all four links is, 
in general, adequate to meet the expected load except for a marginal 
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overloading which as, it will be seen later, can be prevented through 
appropriate load redistribution, The real problem here concerns outage 
conditions since analysis shows that the outage of Links Bl-B2, B3-B4 
and B4-A will create problems of busbar overloading and load transfer. 
Links B3-B4 and Bl-B2 are critical, the worst problem being the outage 
of Link B3-B4. Outage of Link B3-B4 will cause 40.5 MVA (under the high 
growth scenario) to be thrown on the rest of the network •. It is con-
sidered impossible to transfer this load to other busbars. Outage of 
Link Bl-B2 throws 25.6 MVA on the rest of the network which would create 
a similar but less serious problem. Outage of one of the two inter-
connector reactors constituting Link B4-A will throw 10 MVA on the rest 
of the network, but most of this could be transferred although with some 
difficulty. 
Past experience has indicated that the outage of any of these links 
is very rare but the risk of load shedding will continue to exist. 
In order to minimise these risks and enable higher powers to be 
transferred between station busbars it is proposed that the single links 
Bl-B2 and B3-B4 be duplicated and·the double link B4-A be triplicated, 
using higher capacity components, to give the following arrangements 
Link Bl-B2: comprising lx25.0 MVA and lx37,5 MVA, 33/11.5 kV transformers 
Link B3-B4: comprising lx37.5 MVA and lx45.0 MVA, 33/11.5 kV transformers 
Link B4-A: comprising 2xl2.5 MVA and lx25.o MVA, 11.5 kV booster reactors 
The impedance of the new component links should be made equal to that 
of the original, and only one component at a time should be energised, 
This will prevent the lowering of the network impedance to prospective 
short circuit currents, resulting from parallel operation, This propos-
al thus involves a trade-off between the risk of loss of supply and the 
additional capital investment in plant which would be used only under 
outage (emergency) conditions. 
8.5.3 Station Busbar Loading Limit and Load Redistribution 
In addition to the system reinforcements it is also suggested that 
an overall limit be imposed on the loading of the station busbars in 
particular the three 11.5 kV busbars Bl, B4 and A. This limit is 
necessary partly because of the busbar ratings but also because of the 
undesirability of concentrating too much of the load on one sector. 
This limit would be achieved by periodical load transfers from the 
highly loaded busbars to, new load centres fed from the 33 kV busbars 
via the transmission network. In turn this could create the need for 
-169-
more 33 kV feeders. 
The total capacity of the three groups of 11.5 kV feeders outgoing 
from the power station is 112.7 MVA. The proposed loading limit must 
take into account load diversity (maximum loadings on individual feeders 
do not coincide exactly during the peak time), feeder outage, errors in 
load forecasting (due to abnormally severe winters) and the load c ~ 
transfer capability of the interbus links. On this basis a capacity 
margin of approximately 40% is proposed thus limiting the maximum 
permissible loading on the three 11.5 kV Busbars Bl, B4 and A to approxi-
mately 71% of the outgoing feeder capacity (112.7 MVA), or 80 MVA. The 
proposed maximum loading will then be distributed among the three 
11.5 kV Busbars as follows 
Busbar Bl (feeder capacity 49.0 MVA) - Loading limit 36 MVA 
Busbar B4 (feeder capacity 17.7 MVA) -Loading limit 12 MVA 
Busbar A (feeder capacity 46.0 MVA) - Loading limit 32 MVA 
A.proposed load redistribution scheme is shown in Table 8.2. The 
proposal takes into account the above maximum loading limits and is used 
to derive the regional loadings, 33 kV feeder loadings and station plant 
loadings as shown in Figs. 8.4, 8.5 and 8.6. These loading limits 
would be observed in future planning proposals. 
8.5.4 Transmission and Distribution System Developments 
The proposed network reinforcements are indicated in Figs. 8.4 and 
8.5. All reinforcements specified below would be needed under a high 
growth load during the Medium Term period. The proposed network 
reinforcements include the addition of new 33 kV feeders as specified 
below 
l. No.3 and No.4 Tarxien feeders from Busbar B3 of the 'B' Power 
Station to a new 33 kV substation designated Tarxien 2. The existing 
33 kV feeders supplying Halfar D.C. and Xrobb D.C. would then be dis-
connected from the Tarxien 1,33 kV Bus and reconnected to Tarxien 2, 
33 kV Bus. It is also proposed to provide two 33 kV interconnections 
between the two Tarxien 33 kV busbars (which are expec£ed to be install-
ed as physically close to each other as site conditions permit). 
Because the proposed Tarxien feeders would have to be installed within 
a built up area, two underground cables similar to those constituting 
the existing No.l and No.2 Tarxien feeders, and following approximately 
the same route are proposed. This would imply that the four Tarxien 
feeders would have approximately equal impedances which would facilitate 
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parallel operation, and enhance the flexibility and security of the 
system. 
It is also proposed to uprate the two existing 33/11.5 kV trans-
formers at Tarxien 1, from 15 MVA to 22.5 MVA. The existing trans-
formers could then be utilised at the newly proposed Lapsi 33 kV sub-
station. No proposals are being made for the installation of any 
33/11.5 kV transformers at Tarxien 2. 
This reinforcement is considered to be most urgent and must be 
taken in hand immediately. The situation here has in fact already 
been considered to be serious. 
2. No.l Lapsi feeder run from Busbar B3 of the 'B' Power station 
to a new 33/11.5 kV substation designated Lapsi D.C. located at approx-
imately 2 km to the north of the Reverse Osmosis Desalination Plant. 
A desirable location might be between the suburbs of Siggiewi and Qrendi 
as this would place this substation.strategicallyat approximately the load 
centre of the Siggiewi, Qrendi and Ghar Lapsi loads. A location known as 
Tal-Providenza is suggested, but a survey would need to be conducted 
before a final decision is taken. The single 33 kV feeder initially 
proposed should go far to solve the energy loss problem. However its 
outage would imply that the security of supply is lost. To cater for 
this it is proposed to reserve the existing 11.5 kV circuits as standby, 
at least until No.2 Lapsi feeder is installed. 
It is also suggested that, since this feeder is envisaged to consist 
of an overhead transmission line for most of its route length, the towers 
provided be designed to accommodate a second circuit since, in the long 
term, a double-circuit transmission line would be more economical. 
Furthermore it is suggested that the towers be designed for 66 kV 
operation, in order to enable the uprating of the present transmission 
voltage, should this be found necessary in future. The-relatively small 
extra cost involved to provide this facility would be justified in future. 
on commissioning of the No.l 33 kV Lapsi feeder it would immediately 
be possible to relieve No.5 and No.6 11.5 kV feeders outgoing from Busbar 
Bl of about 10 MVA of load. More load could also be transferred fro~ 
No.3 and No.S feeders fed from 'A' Station (Busbar A) to the Lapsi sub-
station in order to relieve these heavily loaded feeders. Additional 
load could also be transferred from No.l and No.2 11.5 kV feeders out-
oing from Tarxien Distribution Centre. Initially, only one of the two 
15 MVA transformers (transferred from Tarxien 1) is proposed to be 
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installed, the second one being added towards the end of the Medium 
Term. 
Hence the Lapsi Substation is intended to solve a dual problem (a) 
reduce energy losses (b) relieve the excess load from the 11.5 kV power 
station busbars and Tarxien D.C. The installation of the Lapsi feeder 
is recommended to be the second in priority of the network developments 
being proposed. 
3. The two existing 15 MVA 33/11.5 kV transformers at Mosta 1 be 
replaced by two 22.5 MVA transformers. The ex-Mosta transformers could 
then be transferred to the proposed new Gozo Desalination Plant sub-
station (power station) • This item should be third in priority of the 
network developments proposed. 
4. A new 33/11.5 kV substation be constructed at Gozo adjacent to 
the existing Water Desalination Plant. This substation would be an 
integral part of the proposed gas-turbine power station where generation 
would be at 11.5 kV. Initially only one of the ex-Mosta 15 MVA trans-
formers is proposed to be installed. With the 33/11.5 kV Gozo Desalin-
ation Plant substation constructed, the existing 33 kV submarine cable 
feeder could then be extended and terminated on the 33 kV side of this 
substation and the Hellieha substation. In order to enhance the 
security of supply to Gozo and Comino islands the two existing sub-
marine cable circuits (fed from !!ellieha DC) should be extended and 
terminated on the 11,5 kV side of the Desalination substations. These 
would then serve as reserve circuits. This item together with the con-
struction of the Gozo power station should be given fourth priority in 
the programme cf network reinforcements. 
5. No.2, 33 kV Halfar feeder be run between Tarxien 2 D.C. and 
Halfar P.c. The existing towers have provision to accommodate a 
double line. Hence the installation of this feeder involves only the 
stringing of the conductors plus the provision of the interconnecting 
cables between the T.._r:xien o.c.z and the first tower and from the 
last tower to Halfar D.C. The main justification for proposing this 
second feeder, is not because the first is expected to be overloaded 
but simply to enhance the security of supply to Halfar Industrial Estate 
(which includes two metal foundries) and the new Harsaxlokk Transhipment 
Terminal. It is envisaged that, by the end of the Medium Term period, 
the scale and importance of industrial and commercial activity generated 
in this region would justify the relatively small investment involved. 
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This is proposed as the fifth in priority within the network develop-
ments being proposed. It is also recognised that the time scale may 
not be sufficiently long to permit this reinforcement to be carried out. 
6. No.4, 33 kV Mosta feeder be run from Busbar B3 of the 'B' Power 
Station to Mosta 2 D.C. This item is only proposed as an alternative 
in the event that the proposed 10 MVA gas-turbine generator in Gozo is 
not installed within the Medium Term period. It is also recommended 
that the impedance of this feeder be made equal to that of the existing 
No.l Mosta feeder (by installing a cable have the same size and route 
length) since this will facilitate parallel operation. The installation 
of this feeder would relieve No. l feeder of half its load and improve 
the security of supply in Gozo and Comino. In the event o£ a medium 
growth rate the installation of this feeder could be delayed and carried 
out within the Long Term plan period. 
8.5.5 Maximum Loading Limits on the Regional Distribution Centres 
The maximum loading limit on.the 33/ll. 5 kV distribution centres is 
primarily determined by the following constraints 
a) the capacity of the incoming 33 kV feeders, normally two feeders, 
each of 20 MVA nominal capacity, total 40 MVA 
b) the continuous maximum rating (CMR) or the cyclic rating (CR) of 
the 33/11.5 kV transformers, normally rated 2xl5 MVA = 30 MVA (CMR) or 
2x22.5 MVA = 45 MVA (CMR) equivalent to 2xl9.5 MVA = 39 IWA (CR) or 
2x29.25 MVA = 58.5 MVA-(CR) (taking into account a cyclic rating of 
approximately 130% under the Maltese winter conditions). 
c) the capacity of the outgoing 11.5 kV feeder~ each feeder being 
normally rated at 5.5 MVA. The number of feeders usually varies between 
8 to 12 thus giving an outgoing capacity from 44 IWA to 66 MVA. 
Hence under total plant availability conditions this limit would 
theoretically be set at 39 MVA (using 2xl5 MVA transformers) and to 
40 MVA (using 2x22.5 MVA transformers), the limit being set by the 
incoming feeder rating inthe case of the latter. 
With the outage of one of the incoming 33 kV feeders the maximum 
loading limit is set at 20 MVA unless a 33 kV interconnection to another 
substation exists. With the outage of one of the two 15 MVA or 22.5 MVA 
transformers this limit is set to 19.5 MVA or 19.25 MVA (the cyclic duty 
rating of one transformer) • In all the above cases this would imply 
that the excess load on the particular distribution centre must either 
be transferred(redistributed ) to other substations (or to the generating 
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stations) or be simply shed, 
A study of the Enemalta 11.5 kV distribution network76 has indicat-
ed that in the case of the 33/11,5 kV substations it is usually possible 
to transfer from about 5 MVA to 15 MVA of load through the existing 
11, 5 kV network interconnections subject to certain geographical con--· 
straints. It is proposed that such interconnections also be provided 
in the case of new substations or others be added where these inter-
connections are weak (e.g. Mosta to Msierah), Past experience indicates 
that the outage (due to failure) of the distribution centre transformers 
is a rare event. 
The above considerations suggest that the determination of a maximum 
upper limit involves a risk situation i,e, a 'trade-off' between shedding 
some load (unless this could be automatically transferred) and allowing 
the loading to exceed the theoretical limits discussed above. 
Thus allowing for a maximum load transfer capability of 5,5 MVA 
(equal to that carried by one feeder- one on each side of the 11.5 kV 
substation busbars) then a reasonable loading limit would b~ set as 
follows 
Substations with two 15 MVA transformers (19.5-f: 5.5) = 25 MVA 
Substations with two 22.5 MVA transformers· (29.24+5.5) = 34.75 "35 MVA 
These loading limits were .. adopted. in the load redistribution prop-
osals shown in Table 8.2, Fig, 8,4 and Fig. 8.5 and will be allowed for 
in future proposals. 
8,6 Implications of the Proposed Medium Term Developments 
The implications of the proposed Medium Term·system developments 
and the redistribution of the forecasted load are illustrated in Figs. 
8.4, 8.5 and 8.6. It is seen that loadings on the power station and 
distribution centre busbars are within the set operating limits. 
Implementation of the generation developments proposed for the 
Medium Term (addition of No,9, 67 MVA-generator at 'B' Station and No,l 
10 MVA generator at Gozo Power Station) would bring the total generation 
capability of the Enemalta system to 353 MVA and the firm capability 
to 286 MVA. This should provide sufficient capacity, and an adequate 
reserve margin (34.7\) to meet all the forecasted peak load demand 
(262 MVA) conditions under both :·-total plant availability and outage 
conitions; The proposals are also aimed to cater for the initial years 
of the long-term period and the possibility of delays in completing some 
of the proposals within the desired time scale, 
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The duplication of interbus links Bl-B2 and B3-B4 and the triplication 
of link B4-A has the main objective of meeting outage conditions of 
these links, whilst the proposed load redistribution would prevent link 
overloading under all the specified loading conditions, as can be 
confirmed from a study of Fig. 8.6. The proposed connection of No.9 
generator to Busbar B2 would equalise loading between Busbars B2 and B3. 
Limitation of the station busbar loadings to the values proposed would 
prevent overloading on either busbars, links and feeder groups. 
Implementation of the network developments proposed (addition of 
the two 33 kV Tarxien feeders, one 33 kV Lapsi feeder, one 33 kV Halfar 
feeder, the construction of new 33 kV substations,. Tarxien 2,Lapsi and 
Gozo and the uprating of the Mosta 1 and Tarxien 1 transformers) would 
increase the transmission capability of the supply network outgoing from 
the Marsa Power Stations to 307.7 MVA (in addition to the 10 MVA increase 
in supply capacity contributed by Gozo Power Station) • This would 
provide a reserve capacity margin of [(317.7-239.5)/239.5] x lOO= 
32.7% and a Firm capacity of 297.7 MVA. It is recognised that a higher 
network capacity could have been proposed but both the limited time 
scale for implementing these reinforcements as well as the capital in-
vestment likely to be available have influenced proposals for further 
additions. 
The total transformer capacity of the distribution centres would 
be increased from 170.1 MVA to 245.1 MVA (resulting in a 53.7% reserve 
capacity margin) after the proposed additions and upratings are imple-
mented. 
As far as the quality of supply is concerned (particularly in 
remote areas such as Gaze) this should be improved through the extension 
of the 33 kV system and the proposed generation in Gozo. Network 
losses will be reduced by the addition of the 33 kV Lapsi and Gozo 
feeders. 
Although it is not possible to accurately determine the voltage at 
some substations (due to lack of information regarding the parameters of 
the new feeders) nevertheless the indications are that with the proposed 
new system developments and load redistribution, load voltages should be 
maintained within acceptable limits under both total plant availability 
and outage conditions. The network arrangement and substation loading 
limits proposed would permit the outage of any one of the 33 kV or 
11.5 kV feeders. The implications of these outages were analysed in 
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Section 8.4.2 and the proposals which have been made, were based on the 
solution of the problems indicated. 
8.6.1 Fault Levels 
In the proposal for duplicating Links Bl-B2 and B3-B4 and trip-
licating Link B4-A it was suggested that only one item of each set of 
links should be energised at any one time. This implies that the short 
circuit MVA at the respective busbars will not be increased. However 
the introduction of No.9 generator will inevitably increase the short 
circuit MVA. Using the computer programme developed, analysis of the 
situation with No.9 generator included has indicated that the fault 
levels at points A, B, D, R, S (see Figs. 4.14 and 4.15) are, respect-
ively 252.1 MVA, 247.5 MVA, 252.1 MVA, 1171.9 MVA and 1023.8 MVA. The 
fault levels at points A and R (Busbars A and B3) are higher than the 
respective switchgear ratings of 250 MVA and 1000 MVA by a very small 
margin. The situation is still considered to be acceptable since the 
approximations involved in the calculations give in practice a safety 
margin. 
8.7 Conclusions 
In order to meet the forecasted Medium Term load demand (262 MVA) 
under all the anticipated conditions the.system developments summarised 
below are proposed. 
1. Installation of No.9, 60 MW (66 MVA) steam turbine generator 
at 'B' Station and its connection to Busbar B2. 
2. Construction of a new Power Station near the Desalination Plant 
in Gozo. The station will initially include the first (No.l) of two 
gas-turbine generators each rated at 10 MVA. 
3. Plans should be started for the construction of a new conven-
tional steam power station to be located on the southern side of Marsax-
lokk Transhipment Terminal. This station will be commissioned during 
the Long Term period (after 1988/9) • 
4. Installation of two new 33 kV feeders (cables) between Busbar 
B3 at 'B' Station and a new 33 kV substation (designated Tarxien 2) 
located near the existing 33 kV Tarxien D. C. (Tarxien 1) • The exist-
ing Xrobb and Halfar 33 kV feeders are to be transferred from Tarxien 1 
to Tarxien 2. Tarxien 1 and Tarxien 2 are also to be linked. 
5. Installation of a new 33 kV feeder between Busbai B3 at 'B' 
station and a new 33/11.5 kV substation at Lapsi, comprising 2xl5 MVA 
(ex-Tarxien) transformers. 
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6. Uprating of the transformers at Tarxien 1 and Mosta 1 from 15 MVA 
to 22.5 MVA. 
7. Construction of a new 33 kV substation in Gozo near the Desalin-
ation Plant. 
This substation would form an integral of the new Gozo Power Station, 
The necessary 33 kV connections at Gozo and Mellieha Substations should 
also be completed, 
8, Installation of No.2 Halfar feeder between Tarxien 2 D.C. and 
Halfar D.C.{subject to time and financial constraints;) 
9. Duplication of station interbus links Bl-B2 and B3-B4 and trip-
lication of interbus Link B4-A. 
10, Redistribution of regional loads and limitation of power station 
and distribution centre loadings to the limits proposed. 
These plans will be shown to be consistent with the Long Term 
plan developed in the following chapter. 
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CHAPTER 9 
THE LONG TERM DEVELOPMENT PLAN 
9.1 Introduction 
The Long Term is here defined as that period between the present 
and the 1994/5 peak. This time scale is considered to be long enough 
to permit the planning and execution of large scale reinforcements 
and extensions of system capacity including the construction of new 
generating stations and the upgrading of the·primary transmis~ion 
voltage if required. 
In this context it was considered judicious to bias the study 
towards high and medium growth rate scenarios. This is because the 
differences between the medium and low growth rates over the period 
are still small when compared. to the discrete step increments in the 
generation and transmission plant capacities likely to be proposed. 
However due consideration has been given to the low growth scenario 
situation where this was deemed to be necessary. Planning the system 
development to meet the high growth scenario inevitably represents 
the worst.case. The proposed solutions however need to be sufflc1ently 
flexible to be adapted, with reasonable modifications, to cover for 
the medium and low growth rate scenarios should these Prevail. 
If, with the passage of time, it becomes evident that the forecasted 
load demands are in error by a significant margin, then there a~e 
steps which can be taken to compensate for the errors. If. ~n the 
event there arises a shortage of generation, then a gas-turbine power 
station· (which is capable of being constructed within two to three 
years) may well provide a satisfactory interim solution. Gas turb1ne 
generators having maximum ratings of about 75 MW are available. These 
sets have a low to moderate capital cost (compared to steam-turbine 
generating ~lants of the same size) but high operating costs, normally 
restricting their use to peak demand periods. Thus the use of gas-turbine 
(and to a lesser extent diesel-engine) ge~erators can serve to 'accelerate' 
the generation development plan. Furthermore the injection of generation 
at strategic points of a power network has the dual effect of reinforcing 
both the generation and transmission capacity. This poss1b1lity has 
been explored in the previous Chapter. 
On the other hand, if the load increases are slow to materialise 
then this can be coped with by delaying the installation of new capacity 
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or by accelerating the plant obsolescence programme. In the case 
of Malta the latter must be qiven serious consideration particularly 
because of the aged plant existing at 'A' Station (commissioning 
date 1953). However the replacement of an obsolete station will 
often involve the reinforcement of the local network. Adequate 
time (typically two years) will be 
to be effected. In the end, the 
required for the phasing-out process 
plant capacity margin adopted will 
have to be a compromise between excessive capital expenditure on 
new plant and the risk of suspension of service to a section of the 
consumers. 
Details of the forecasted annual peak load demands were given 
in Fig. 6.6 and Table 6.6 (Chapter 6). The corresponding load 
distribution based on the 1983/4 network structure is shown in Table 
6.7. However, because of the load growth, existing load distribution 
centres as well as power· station busbars will eventually reach saturation. 
Hence new supply points will need to be constructed. This implies 
that the basic load division shown in Table 6.7 and the subsequent 
load redistribution shown in Table 8.2 (Chapter 8) will again need 
to be iterated to take into account the proposed system developments 
and the corresponding load transfers. Details of the prOPosed long 
term developments and associated load apportionment are given below. 
The anticipated peak load at the end of the Long Te~ period, 
assuming a high load growth scenario is 343 MVA, and this has been 
adoPted as the target figure. However alternative proposals corresponding 
to medium and low growth rate annual peak demands of 293 MVA and 
225 MVA respectively have also been considered. The plans proposed 
are capable of dealing with these scenarios and of being modified 
within reasonable limits to suit changing circumstances. 
9. 2 The Situation at the Beginning of the Long Term Development 
Plan 
The anticipated situation at the beginning of the Long Term 
plan (i.e. at the end of the Medium Term plan period) is as follows: 
Total system loading (high growth scenario) = 262.0 MVA 
Loading on network outqoing from Marsa Power Stations = 239.5 MVA 
Marsa Stations auxiliary plant loading 
Loading on network outgoing from Gozo Power Station 
Gross generaring capacity (including Gozo Power 
Station) 
= 14.5 MVA 
= 8.0 MVA 
= 353.0 MVA (317 MW) 
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Firm generating capacity (including Gaze Power 
Station) 
Reserve generation capacity margin 
Total capacity of networks outgoing from all power 
stations 
Firm capacity of networks outgoing from all power 
stations 
Reserve capacity margin on networks outgoing from 
all stations 
Loading on the 33 kV network 
Total capacity of the 33 kV network 
Firm capacity of the 33 kV network 
Reserve capacity margin on the 33kV network 
Loading on the 11.5 kV network outgoing from all 
stations 
Total capacity of the 11.5 kV network 
Firm capacity of the 11.5 kV network 
Reserve capacity margin on the 11.5 kV network 
Loading on the 33/11.5 kV transformers 
Total capacity of the 33/11.5 kV transformers 
Firm capacity of the 33/11.5 kV transformers 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
286.0 MVA (257 MW) 
91.0 MVA (34.7%) 
353.3 MVA 
333.3 MVA 
105.8 MVA (42.7%) 
159.5 MVA 
215.6 MVA 
195.6 MVA 
56.1 MVA (35.1%) 
93.0 MVA 
137.7 MVA 
131.7 MVA 
44 0 7 MVA (48.1%) 
159.5 MVA 
245.1 MVA 
222.6 MVA 
Reserve capacity margin on the 33/11.5 kV transformers= 85.6 MVA (53.7%) 
With the implementation of the Medium Term plan as proposed in the 
previous chapter, the situation at the transition stage from the 
Medium to the Long Term situation ts considered satisfactory. At 
that stage the system should be capable of meeting the anticipated 
Medium Term peak load conditions and. sufficiently flexible to be modified, 
within reason, if load conditions, other than those covered under 
the growth scenarios explored, arise. In fact, comparing the generation 
and transmission system capacities proposed in the Medium Term plan 
with the Long Term forecasts of system loading under both the medium 
and low growth scenarios (293 MVA and 225 MVA respectively), it can 
be seen that with no further developments implemented the system 
capacity will still be adequate to cope fully with the situation 
during the greater part of the Long Term period. However there 
are other problems to be solved which require long term solutions. 
These are discussed below: 
1. The instal1ation of No.9 generator at the Marsa 'B' Station 
site is considered to mark the comPletion of this station with no 
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further space available for the installation of new generating plant. 
This implies that a new site for an additional power station will 
have to be sought. Proposals for a new steam power station in the 
Marsaxlokk Transhi?ment Harbour area have been made in· the previous 
chapter but not included in the Medium Term plan. 
2. Although the south-eastern region of the islands will be 
adequately catered for by the addition of the Marsaxlokk Power Station, 
the north-western side, particularly the tslands of Gozo and Comino 
will require further supply reinforcements. This implies the 
expansion of the already proposed Gozo Power Station by the installation 
of a second gas-turbine generator. As an alternative, to the 
installation of this generator, a new 33 kV (No.4) feeder between 
Marsa 'B' Station and, possibly, a second 33 kV submarine cable between 
Malta and Gozo will need to be installed. However the lack ~f spare 
ways on the B Station 33 kV Busbars for outgoing feeder circuits, 
makes the second alternative less viable. 
3. In order to enhance both the sec~rity of supply and the power 
transfer capability (both import and export) between the Gozo, Marsa 
and Marsaxlokk power station a strong high voltage (33 kV or even 
66kV) link will need to be established between the north-west and 
the south-east region of the main island. 
4. Due to load saturation at individual 33/11.5 kV distribution 
centres and the Marsa Power Station 11.5 kV busbars addittonal load 
centres will have to be established and a corresponding load redistribu-
tion carried out. This would be accompanied bv further reinforcements 
of the transmission system. 
9.3 Anticipated Long Term System Loading 
The forecasted annual peak load demands and the basic regional 
load distribution are shown in Tables 6.6 and 6.7. The latter has 
been modified in accordance with the Medium Term proposals as formulated 
in Chapter 8. The results are shown in Table 8.2 and Figs. 8.4, 
8.5 and 8.6. 
The next stage involves a study of the LonQ Term regional growth 
adapting the loading apportionment likely to be existing at the end 
of the Medium Term as a starting point.(See Table 8.2). In the 
present study it was initially assumed that no further load transfers 
or any additional system developments had been implemented other 
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than those envisaged at the end of the Medium Term. Although loads 
may be transferred their growth rates (as estimated in Chapter 6) 
must be preserved. The geoqraphical location of the load determines 
the relevant growth rate independent of any shifting of the point 
from which the coad is supplied. 
Table 9.1. 
The results are shown in the derived 
9.4 Performance of the Unrnodifted System in the Long Term 
The performance of the Enemalta Supply System has been investigated 
under the forecasted Long Term loading conditions assuming that the 
proposed 1988/9 system arrangement is unmodified and no load transfers 
are effected. The high growth scenario was first considered since 
planning for this situation presents the worst conditions (and the 
most difficult problems). As noted above, a delay in the reinforcement 
programme in the event of a lower growth rate than that forecasted, 
should present little problems. The medium and low growth rate 
scenarios have also been explored as an aid in determining priorities 
and timing of the capital investment and works programmes required. 
System performance has also been investigated under both total 
plant availability and outage conditions. This has served to identify 
further problems particularly those associated with the security 
and reliability of supply of various points within the Enemalta supply 
system. 
9.4.1 The Generation System 
When the proposed Medium Term develonment plan programme has 
been fully implemented, the total generation capability will be 353 
MVA (317 MW\ which is only 2.9% higher than the forecasted high growth 
rate demand of 343 MVA at the end of the Long Term period. Thus 
under total plant availability conditions the assumed generation 
capability would be theoretically sufficient to cope with all predicted 
Long Term peak load demands. However the resulting reserve capacity 
margin will be only \0 MVA (2.9%) implying that the existing generating 
plant at 'A' Station will need to be maintained in service (which 
may not be possible). For the medium load growth rate scenario 
the reserve capacity margin by the end of the Long Term period would 
be (353 - 293) = 60 MVA (20.5%) and for the low load growth rate 
scenario the reserve capacity margin becomes (353 - 225) = 128 MVA 
(56.9%) which would be more acceptable. However when outage conditions 
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are considered \t is seen that the ~irm generating capability (286MVA) 
would only be sufficient to meet the low growth peak demand (225MVA) 
by the end of the Long Term period. To satisfy the end of the Long 
Term period peak load demand conditions the Firm generating capability 
would have to be increased by at least (343 - 286) = 57 MVA. In 
practice a bigger increase would be necessary to cater for possible 
load forecasting errors and abnormal winter cold spell conditions, 
implying the allowance of an extra plant margin. In the absence 
of more accurate statistical data it is conside~ed justifiable to 
adopt the value of the maximum standard deviation (7.3%), obtained 
from the regression analysis conducted ln Section 6.6 as the extra 
(statistical) margin over and above that allowed for plant non-
availability. The 7.3% margin adopted above compares reasonably 
with the 6% statistical margin allowed by C.E.G.B. in 1970 in addition 
to the 11% margin allowed for plant non-availability. On this basis 
the generation capacity required to meet the predicted Long Term 
high growth demand (343 MVAl becomes 
Gross generating capability = (Predicted Demands + Plant Non-Availability 
Margin + Statistical Margin) 
Taking the plant non-availability margin to be equal to the rating 
of the largest aeneratina unit (67 MVA), then 
Gross generating capability ~equired = [343 + 67 + (0.073 x 343 ] 
= 435 MVA 
Thus in order to satisfy the predicted Long Term high growth peak 
demand 82 MVA of new generation would need to be added to the 353 
MVA of gross generating capacity that was required to cater for the 
Medium Term demand. On this basis the generation capacity margin. 
becomes [(435-343)/343] x 100 = 26.8%. 
The ability of the end of Medium Term generating capability 
to meet the predicted Long Term (high growth) demand under plant 
non-availability conditions was assessed by considering worst case 
conditions which imply the outage of any one of the largest 60 MW 
(67 MVA) generating sets. Considering now the outage of one of 
the second largest sets, it results that the outage of one of the 
five 30 MW ( 1.3 MVA) generating sets will ~educe the gross generating 
capability from 353 to 320 MVA, ~endering it insufficient to meet 
the Long Term peak demand only under high growth conditions (343 
MVA). The medium (293 MVA) and low (225 MVA) growth demand scenarios 
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would however still be ade~ately met. Hence the implication of 
not providing new generating plant in addition to that proposed for 
the Medium Term development plan would be a serious risk of electricity 
supply shortage (suspension of service to a section of the consumers) 
during the Long Term period in the event that a high growth rate 
demand prevails • 
. 9.4.2 The Transmission and Distribution Network 
The predicted situation is illustrated tn Table 9.1 and Figs. 
9.1, 9.2 and 9.3 which indicate the anticipated regional load growths 
during the Long Term period assuming that no system developments 
and load redistribution take place during this period. 
A study of Table 9.1 indicates that the loading on the Msierah, 
Mosta 1 and Tarxien 1 distribution centres is anticipated to exceed 
the set limit (35 MVA) as early as 1989/90 (high growth scenario) 
and by 1992/3 (medium growth scenario). It can also be seen from 
Fig. 9.1 that the Mosta 2, Msierah, M~sta 1 and.Lapsi feeders are 
all expected to become overloaded by 1992/3 under a high growth scenario. 
Furthermore, all the five feeder groups are expected to become over-
loaded by the end of the Long Term if the high growth scenario prevails. 
None of the 33 kV feeder groups nor any individual 33 kV feeder is 
expected to become overloaded if a medium (or a low) growth scenario 
is realised. 
The total end of term peak load on the two Tarxian substations, 
and hence on the four 33 kV Tarxien feeders, is expected to be 
(46.1 + 16.2 + 8.8) = 71.1 MVA which is within the loading capacity 
(78.8 MVA) of these feeders. Hence utilising the two proposed 33 kV 
interconnectors between Tarxien 1 and Tarxien2, makes it possible 
to operate the four feeders (which have similar impedances) in parallel 
and equalise the total load (71.1 MVA) between them. This would 
prevent overloading on No.1 and No.2 Tarxien feeders. However by 
the end of the Long Term the loading on Ta~xien 1 would still be 
in excess of the maximum loading limit (35 MVA) necessitating a load 
transfer of 11.1 MVA to other substations (which might necessitate 
the provision of 33/11.5 kV transforming capacity at Tarxien 2). 
Under a h~gh growth scenario the loadings on the Marsa Station 
11.5 kV Busbars B1, B4 and A are expected to exceed the set limits 
(36 MVA, 12 MVA and 32 MVA respectively) by 1989/90. In the case 
1988/9 1989/90 19890/1 1991/2 1992/3 1993/4 1994/5 
LOAD POINT MEDIUM HIGH MEDIUM HIGH MEDIUM HIGH MEDIUM HIGH MEDIUM HIGH MEDIUM HIGH MEDIUM HIGH 
MVA MVA MVA MVA MVA MVA MVA MVA MVA MVA MVA MVA MVA MVA 
MSIERAH 30.0 34.7 31.5 36.2 32.7 37.9 34.1 39.4 35.5 41.2 37.0 43.0 38.6 44.9 
MOSTA 1 29.5 34.0 30.9 35.5 32.3 37.3 33.8 38.9 35.3 40.2 36.8 42.5 38.4 44.4 
MELLIEHA 9.4 11.0 9.8 11.5 10.2 12.0 10.6 12.5 11.2 13.0 11.7 13.6 12.-f 14.2 
GOZO 11.1 13.0 11.6 13.6 12.1 14.2 12.6 14.8 13.2 15.4 13.8 16.1 14.4 16.8 
TARXIEN 1 31.3 35.0 32.2 36.6 33.8 38.5 35.2 40.1 36.5 42.1 37.8 44.0 39.2 46.1 
XROBB 6.6 7.0 6.9 7.3 7.1 7.6 7.4 7.9 7.7 8.2 8.0 8.5 8.3 8.8 
.. 
HALFAR 10.1 15.0 10.3 15.2 20.5 15.4 10.7 15.6 10.9 15.8 11.1 16.0 11.3 16.2 
LAPS I 12.5 17.8 13.1 18.7 13.7 19.7 14.4 20.8 15.1 21.9 15.8 23.1 16.6 24.3 
'B' STATION BUS B1 34.0 36.0 35.7 37.9 37.2 39.8 39.0 41.6 40.8 44.0 42.4 46.3 44.3 48.8 
'B' STATION BUS B4 11.0 12.0 11.5 12.6 12.0 13.3 12.6 14.0 13.1 14.7 13.7 15.5 14.4 16.3 
'A' STATION BUS A 30.Q 32.0 31.5. 33.7 32.8 35.6 34.4 37.4 35.9 39.1 37.5 41.2 39.2 43.2 
TOTAL NETWORK LOAD 215.5 247.5 225.0 258.8 234.4 271.3 244.8 283.3 255.2 295.6 265.6 309.8 276.9 324.0 
STATION PLANT LOAD 12.5 14.5 13.0 15.2 13.6 15.7 14.2 17.0 14.8 17.4 15.4 18.2 16.1 19.0 
STATION SYSTEM LOAD 228.0 262.0 238.0 274.0 248.0 287.0 259.0 300.0 270.0 313.0 281.0 328.0 293.0 343.0 
Table 9.1 Forecasted Long Term annual peak load demand and apportionment (without implementation of Long Term proposals) 
I 
..... 
OJ 
..,. 
I 
G2 
BUS 62 
24.8 17.8 17.8 23.0 23.3 21.6 
TARXIEN1 MOSTA2 MSIERAH 
X 
48.8 46.1 23.3 21.6 
GOZO VENDOME 
8.8 
16.8 
2.1 
5.25 
5.25 
10.2 
12.8 
4.4 
4.4 
10.2 
22.2 22.2 
MOSTA1 
44.4 
MELLIEHA 
14.2 
G3 
BUS B3 
24.3 7.75 17.7 
LAPS I TARXIEN2 
12.8 24.3 8.1 8.1 
HALFAR' 
16.2 
Fig.9.1 End of Long Term Period-System load1ngs (without implementation of Long Term proposals) 
8.8 
27.2 
43.5 
XROBB 
8.8 
BUS B4 
43.2 
GA 
1\J 
I 
..... 
CO 
U1 
I 
16.8 
GOZO 
GOZO POWER STATION 
CAPACITY 10MVA(9MW) 
LOADING 8.0 MVA 
• Existing 33/11.5kV distribution centre 
e Existing 11500/415V area substation 
-
-·-
Note: 
Existing 33kV line 
Existing 11.5kV line 
All loadings shown are in MVA 
• VENDOME 
1012345 
. KILOMETRES 
MARSA 'A' AND 'B' POWER 
STATIONS 
CAPACITY: 343 MVA(308 MW) 
LOADING: 333 MVA 
Fig.9.2 End of Long Term Period - Regional load distribution (without implementation of Long Term proposals) 
I 
,_. 
Ol 
"' I 
KEY TO DATA I 
(Read horizontally) 
GROSS GENERATING 
CAPACITY (MVA) 
STA liON PLANT 
CONSUMPTION (MVA) 
GROSS GENERATING 
OUTPUT (MVA) 
LINK CAPACITY (MVA) 
LINK POWER 
flOW (MVA) 
G1 
25.6 
1.6 
25.6 
G2 
'\, 133.6 
133.6 
1x37.5 
1x25 
7.4 
G3 
158.8 
2x90 
166.8 
9.0 
• 
1x45 
1x37.5 
17.0 
1x25.0 
1x12. 5 
...,___ ---- ~ _.,.. 
24.8 2.1 43.5 27.2 
GA 
17.0 
1.0 
NUMBER or 
fEEDERS 
BUSB1 11.5kV BUSB2 33kV BUSB3 33kV BUSB 11.5kV BUSA 11.5kV 
(8) (5) (5) (3) (8) 
rEEDER GROUP 
CAPACITY (MVA) 
EXTERNAL LOADS 
(MVA) 
49.0 
48.8 103.5 
NOTE: All plant ratings and loadings are in MVA , 
98.0 97.0 17.1 
104.2 16.3 
Fio.9.3 End of Long Term Period - Loading on Marsa generating station (without implementation 
of Long Term proposals) 
46.0 
43.2 
TOTALS 
343.0 
19.0 
335.0 
_(29) 
307.7 
316.0 
I ,_. 
ro 
.... 
I 
-166-
of a medium growth these limits would be exceeded by 1991/2. However 
under a low growth scenario none of the loading limits are anticipated 
to be exceeded. Thus under a high growth scenario and to a lesser 
degree in the case of medium growth, continuing load transfers from 
the Marsa Power Station 11.5 kV busbars to the regional distribution 
centres become necessary in order to maintain the loading on these 
busbars within the proposed limits. The same argument is applicable 
to the loading of the regional distribution centres. F~om Table 9.1 
it is evident that the 35 MVA loading limit (proposed in the previous 
chapter) would be exceeded on the Msierah, Mosta 1 and Tarxien 1 
distribution centres. 
Considering the supply network outgoing from all power stations 
(including Gozo), it is noted that under a high growth scenario the 
capacity of this netwo~k (353.3 MVA) would, even under total plant 
availability conditions, exceed the expected load (324 MVA) by a small 
margin of 29.3 MVA (9%). This immediately suggests that a reinforcement 
of the network would be required. A serious problem arising in this 
context is that, with all the feeder additions as proposed in the 
Medium Term plan being implemented and the addition of No.9 generator 
on Busbar B2, all the spare circuits available on the 'A' and 'B' 
station busbars would be utilised. The possibility of installing 
additional 33 kV switchgear to accommodate new feeder circuits is 
highly doubtful, mainly because of the space problem. There are 
two alternatives. The first is to supply more than one feeder from 
the same circuit breaker - this is acceptable but it is subject to 
constraints set by (a) the loading of the busbars or ~atlng of the 
individual circuit breaker, (b) the acceptable reduction in the security 
level since a fault in either one of the feeder circuits supplied 
from the same circuit breaker or a fault on the circuit breaker itself 
will force the outage of both feeders. However in the case of the 
Tarxien 1 and Tarxien 2 feeders (where the four feeders have similar 
impedances and the substation busbars are physically close to each 
other and electrically linked, this alternative might be acceptable. 
The second alternative is to provide a new supply source which implies 
the construction of new power stations. The Gaze and the Marsaxlokk 
Power Stations are envisaged to provide both an increase in the 
generating capacity required and the necessary reinforcement of the 
supply network, in addition to providing peak lopping and improving 
the security of supply. 
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If outage conditions are now considered it is seen that there 
will be serious problems unless new network reinforcements are provided 
and the necessary load transfers carried out. Considering the situation 
at the end of term under a high growth scenario, the outage of one 
of the two 33 kV Msierah feeders implies an overload of 25 MVA on 
the remaining one. Energising the Msierah-Mosta 33 kV interconnector 
to enable a load transfer to Mosta 1 would not provide a solution 
since the two Mosta 1 feeders would, by the same time be also overloaded. 
Even a load transfer throuah the 11.S kV network would create difficulties, 
since the station busbars ·and the corresponding feeder groups would 
also be overloaded. A similar situation applies in the case of most 
of the other 33 kV feeders outgoing from the Marsa Power Station as 
can be confirmed from the loadings shown in Fig. 9.1. 
Considering now the 11.5 kV feeder network outgoing from the 
power station, it can be seen from Fig. 9.3 that, in the case of a 
high growth scenario, the loadings on all three feeder groups exceed 
the set loading limits (36 MVA, 12 MVA and 32 MVA for groups outgoing 
from Busbars B1, B4 and A respectively) as early as 1989/90. Under 
a medium load growth these limits are reached a year later. This 
implies the need of load transfers from these busbars on a continuing 
basis which, in turn demands periodic development of new distribution 
centres and progressive transfer of loads from the existing feed points. 
These transfers would be carried out in the low peak summer months 
(May to July). 
9.4.3 Loading on Distribution Centre Transformers 
The total capacity of the fourteen 33/11.5 kV distribution centre 
transformers 's expected to be 245.1 MVA by the beginning of the Long 
Term period. From Table 9.1 it is seen that the peak loading on 
these transformers is anticipated to reach 159.5 MVA and 132.5 MVA 
under high and medium growth rates respectively, by the end of the 
Long Term period. These loads imply a reserve capacity margin of 
53.7% (85.0% medium growth) on the distribution centre transformers. 
However althouqh the overall margins appear to be adequate, it can 
be seen from Fiq. 9.1 and 9.2 that under the high growth scenario 
the loadings on the Tarxien 1, Msierah and Mosta 1 would be well in 
excess of the set 35 MVA loading limit by 1989/90 (high growth rate) 
and by 1992/3 (medium qrowth rate). If this load continues to increase, 
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greater difficulties will be encountered, in the event of outage of 
one of the transformers, in transferring the excess load to other load 
centres through the 11.5 kV network. This limitation on the capability 
of the 11.5 kV network to permit large load transfers {e.g. 20 MVA) 
leads to the need for establishing stronger 33 kV links between the various 
load centres and the power stations. This proposal will be further 
discussed later. in this Chapter. Some load centres, particularly Halfar, 
Xrobb.and Mellieha have adequate reserve capacity margins, although with 
only one transformer at Halfar the security of supply in this important 
industrial region will be at risk. 
Geographical limitations and the need to maintain a reserve capacity 
margin prevent the total installed capacity of the load centre transformers 
being fully utilised. Although the establishment of the 33 kV links 
between load ·centres would substantially improve load transfer capability, 
in addition to providing a higher level of security, there would still 
be a need to uprate and add new power stations and load centres, when 
existing ones become saturated. It can be seen from Table 9.1 and 
Figs. 9.1 and 9.3 that by the end of the Long Term period, in addition 
to the excess loadings on the Msierah, Tarxien 1 and Mosta 1, the loadings 
on all the Marsa Power Station busbars will be unacceptable suggesting 
the need for the reinforcement of load centre transformer capacity in 
addition to reinforcement of the transmission network. 
9.4.4 Loading on the Generating Station Busbars 
The loading situation on the five sets of station busbars has been 
assessed by investigating the relationship between generation supply and 
load demand as shown in Fig.9.3, considering both total plant availability 
and outage conditions. High, medium and low growth scenario situations 
were explored. As the system is developed and becomes more complex this, 
taken together with the fact that some of the plant will be near or beyond 
the limits of its useful life, renders the assumption that only one major 
item of plant is unavailable, open to question. The as&umption has 
however continued to be adopted but this additional uncertainty has been 
borne in mind when developing the proposals which follow. 
BusbarsA and B4- With the 17 MVA assumed to continue to be available 
from Busbar A, the input requirement from Busbar B4 will be 27.2 MVA 
and 23.2 MVA under the high and medium load growth scenarios respectively. 
This is within the 37.5 MVA capacity of Link B4-A (using one of the 
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existing 12.5 MVA reactors in parallel with the proposed 25 MVA reactor). 
The total expected loadings on Link B3-B4 are 43.5 MVA (high growth) 
and 37.6 MVA (medium growth) which are also within the 45 MVA capacity 
of this link. OVerloading of Busbars A and B4 is expected to occur, 
the high growth loads exceeding the set loading limits (32-MVA, for 
Busbar A and 12 MVA for Busbar B41 as early as 1989/90. Under the medium 
growth scenario overloading of Busbars A and B4 is delayed by one year 
only. This implies the need for load transfer on a continuing basis. 
No problems are envisaged with the low growth. scenario. 
Considering outage conditions, if all the 17 MVA generation at 
Busbar A becomes unavailable, the situation would still be acceptable 
provided that the loadings on Busbars A and B4 are maintained below the 
set limits. This would result in loadings of 32 MVA on Busbar A and 
Link B4-A, 12 MVA on Busbar B4 and (12 + 321 = 44 MVA on Link B3-B4 
which are all within the ratings of these plant items. Since it is 
highly possible that 'A' Station would be completely shut down before 
the end of Long Term period due to the ageing of plant, the duplication 
and uprating of Links B3-B4 and B4-A as proposed in Chapter 8 becomes 
even more justified. 
Busbar Bl The net generation available on this busbar is 24 MVA under 
total plant availability conditions. The expected end of term loadings 
are 48.8 MVA (high growth) and 43.3 MVA (medium growth). With all 
generation on Busbar. Bl available the respective transfer requirement 
over Link Bl-B2 is 24.8 MVA (high growth) and 20.3 MVA (medium growth) 
which is_ within the capacity of this link. However as early as 1990/l 
the loading on Busbar Bl would exceed the 36 MVA limit, which implies 
the need to transfer the excess. With this limit maintained, then the 
outage of one of the generators feeding Busbar Bl would increase the 
loading on Linl< 81-82. from 12 MVA to 24 MVA, and the outage of both 
generators would boost this loading to 36 MVA, which would still be 
within the 37.5 MVA capacity of Link Bl-B2. Thus the advantage gained 
from the doubling and uprating of this link, is that it allows the 
complete shut-down of the two smallest generators at 'B' Station, in 
addition to improving the level of supply security. This advantage 
could be further increased if, at some time, an interconnection between 
Busbars Bl and A were to be added. With all generators at Busbar Bl 
available it would then be possible to supply all the load requirement 
of Busbar A from Busbar Bl. 
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Busbar B2 With the proposed No.9 generator in service the net generation 
available on Busbar B2 would be 126.2 MVA, with a further 90 MVA possible 
through Link B2-B3. With the generation on Busbar Bl totally available 
the expected combined loading on Busbar B2 would be (103 .• 5 + 24.8) 
= 128.3 MVA (high growth). Hence the required import to Busbar B2 
and the loading on Link B2-B3 will be (128.3 - 126.2) = 2.1 MVA which is 
well below its 90 MVA capability. With the medium and low growth 
scenarios there should be no need for any power transfers through 
Link B2-B3. The network loading on Busbar B2 is anticipated to reach 
103.5 MVA (high growth) and 81.6 MVA (medium growth). Hence the total 
capacity of the outgoing feeder group (98.0 MVAl would be exceeded 
implying the need for a load transfer which will have to be achieved 
through the installation of additional outgoing 33 kV feeders from 
'B' station and the strengthening of the supply network by the injection· 
of new generation at other points in the network. 
Busbar B3 The net generation available on Busbar B3 is 157.8 MVA. 
The respective anticipated feeder group loadings are 104.2 MVA (high 
growth) and 79.4 MVA (medium growth) resulting in surplus generating 
capacities on Busbar B3 of 8 MVA and 58 MVA respectively assuming total 
plant availability conditions. However the loading on the outgoing 
feeder group supplied from this busbar (104.2 MVA) is in excess of the 
capacity (97.0 MVA). In addition, there is also a need, in the cases 
of Busbars B2 and B3 to allow for a suitable reserve capacity margin. 
As in the case of the 11.5 kV feeder group this margin should make 
allowance for the outage of at least one feeder, for load diversity and 
for possible errors in load prediction. 
As is evident from the relatively low load transfer between 
Busbars B2 and B3 the connection of No.9 generator on Busbar B2 would 
achieve a better power balance between these busbars, through a more 
equitable load distribution. This in turn would bring an improvement 
in the level of supply security. 
9.4.5 Loading on the Interbus Links 
The interbus link situation for the high growth rate scenario is 
illustrated in Fig. 9.3. With all the link reinforcements implemented 
as proposed in Chapter 8, none of the four links is expected to be 
overloaded under any of the three load growth scenarios, irrespective 
of any outage or total plant availability conditions. outage conditions 
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are catered for by the duplication of the four links as previously 
proposed. The lower capacity link elements in sets Bl-B2, B3-B4 and 
B4-A would normally be energised during low load periods. (spring, summer 
autumn), whilst the higher capacity elements would be used during the 
winter peak period. This would minimise core (iron) losses and also 
provide the opportunity for preventive maintenance of the reserve item. 
Outage of the higher capacity element of a link set during the peak load 
period would still result in an acceptable situation although some load 
transfer might have to be considered. The addition of an interconnector 
between 11.5 kV Busbars Bl and A would facilitate the transfer of load. 
It is important to note that the impedance of the proposed additional 
link element in each set should be made equal to the original one, and 
that only one element of each set be energised at any one time (except 
for Link B4-A where two elements can be energised at the same time). 
This would ensure that the fault level is not increased when link 
elements are interchanged. 
It must be recognised that although the uprating and duplication 
of these links allows higher interbus load transfers to be carried out, 
load transfers to new feeders and power stations will also be required. 
9.5 Proposals for Long Term System Development 
The Long Term planning proposals are developed below taking into 
account the factors discussed earlier in this and previous Chapters. 
The situation is summarised in Figs. 9.4, 9.5 and 9.6 whilst Table 9.2 
gives details of suggested load redistribution 
9.5.1 Generation Developments 
After the installation of the proposed No.9, 60 MW (67 MVA) generator 
at Marsa 'B' Power Station and No.l, 9 MW (10 MVA) generator at Gozo 
Power Station the gross generating capability of the Enemalta system 
(including 15 MW (17 MVA) from 'A' Station) is expected to be 353 MVA 
by the end of the Medium Term period (1988/9). This provides a firm 
capacity of 286 MVA. The forecasts for high, medium and low load growth 
scenarios have indicated respective peak demands of 343 MVA, 293 MVA 
and 225 MVA by the end of the Long Term period (1994/5). It can be 
seen from these figures that under total plant availability conditions 
the 1988/9 generation capability should be sufficient to meet all the 
peak load scenarios. However the firm generating capability is only 
sufficient to cope with the low growth demand at the end of the Long Term 
1988/9 1989/90 1990/1 1991/2 1992/3 1993/4 
LOAD POINT MEDIUM HIGH MEDIUM HIGH MEDIUM HIGH MEDIUM HIGH MEDIUM HIGH MEDIUM HIGH 
MVA MVA MVA MVA MVA MVA MVA MVA MVA MVA MVA MVA 
MSIERAH 30.0 34.7 30.2 35.0 30.2 35.0 30.2 35.0 30.2 35.0 30.2 35.0 
MOSTA 1 29.5 34.0 30.3 35.0 30.3 35.0 30.3 35.0 30.3 35.0 30.3 35.0 
MELLIEHA 9.4 11.0 9.8 12.7 10.2 12.8 10.7 12.9 11.2 13.0 11.7 13.6 
GOZO STN 11.1 13.0 11.5 13.6 12.0 14.0 12.5 14.8 13.1 15.4 13.7 16.1 
TARXIEN 1 31.3 35.0 31.3 35.0 31.3 35.0 31.3 35.0 31.3 35.0 31.3 35.0 
XROBB 6.6 7.0 6.8 7.3 7.1 7.6 7.4 7.9 7.6 8.2 7.9 8.5 
HALFAR 10.1 15.0 10.3 15.2 10.5 15.4 10.7 15.6 10.9 15.8 11.1 16.0 
LAPS I 12.5 17.8 19.8 25.0 19.8 25.0 19.8 25."0 19.8 25.0 19.8 25.0 
ZEBBUG - - - - 8.0 11.5 11.8 14.0 17.0 20.2 23.3 26.0 
'B' STATION BUS Bl 34.0 36.0 34.0 36.0 34.0 36.0 34.0 36.0 34.0 36.0 34.0 36.0 
'B' STATION BUS B4 11.0 12.0 11.0 12.0 11.0 12.0 11.0 12.0 11.0 12.0 11.0 12.0 
'A' STATION BUS A 30.0 32.0 30.0 32.0 30.0 32.0 30.0 32.0 30.0 32.0 30.0 32.0 
MARSAXLOKK STN - - - - - - 5.1 8.1 9.0 13.0 11.3 19.6 
TOTAL NETWORK LOAD 215.5 247.5 225.0 258.8 234.4 271.3 244.8 283.3 255.2 295.6 265.6 309.8 
STATION PLANT LOAD 12.5 14.5 13.0 15.2 13.6 15.7 14.2 16.7 14.8 17.4 15.4 18;2 
TOTAL SYSTEM LOAD 228.0 262.0 238.0 274.0 248.0 287.0 259.0 300.0 270.0 313.0 281.0 328.0 
Table 9.2 End of Long Term Period - Regional load distribution (with Long Term proposals implemented) 
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30.0 32.0 
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period, the medium growth demand until 1992/3 and the high growth demand 
until 1988/9. The proposed Medium Term 353 MVA generating capability 
allows for an extra reserve margin of approximately 9% of the peak load 
demand (262 MVA) (in addition to the 67 MVA margin to cove.r the non-
availab'ility of the largest generator) .to cater for uncertainties 
including minor plant non-availability and the possibility of extremely 
cold winter conditions. From Table 9.l.it is evident that if a high 
growth scenario prevails there would be the risk of load shedding due 
to a supply shortage, as early as 1990/1, if one of the two large 60 MW 
(67 MVA) generators becomes unavailable. This implies that the generation 
expansion programme should continue to be regarded as a matter of urgency 
during the Long Term plan period. 
As discussed earlier, the installation of No.9 generator is 
considered to complete the development of the Marsa Power Station 
complex, implying that new sites need to be developed for the construction 
of new power stations. Mainly because of geographical and ecological 
constraints, it was suggested in previous sections that the choice of 
site is limited to certain locations on the islands and it was on this 
basis that the Gaze Desalination Plant and Marsaxlokk (Benghisa Point) 
locations were proposed. 
The Gaze Power Station when completed would consist of two 11.5 kV, 
50 Hz gas-turbine generators each rated at 9 MW (10 MVAl to give a total 
generating capability of 20 MVA which should be capable of meeting the 
anticipated peak demand of Gaze and Comino until about the end of the 
century. These turbines could be powered by either gas. or light fuel 
oil. The final decision will require further investigations taking 
into account capital investment, running costs (including maintenance), 
availability and transport and storage of fuel. 
Without the installation of the generation plant in Gaze the peak 
loading on No.l, 33 kV, Mosta l feeder is expected to reach 31 MVA 
(high growth) and 24 MVA (medium growth). by the end of the Long Term, 
assuming that no load transfers take place. With No.l, 10 MVA generator 
installed at Gaze the loading on the Mosta l feeder would be reduced 
to 21 MVA (high growth) and 14 MVA (medium growth) which still implies 
a marginal overloading under high growth conditions, suggesting the need 
for an additional 33 kV feeder (No.4) between the Marsa Power Station 
and Mosta l. However this would create a problem since with all the 
proposed Medium Term developments implemented there will be no spare 
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33 kV feeder circuits left on Busbars B2 and B3 at Marsa Power Stations. 
Hence the installation of No.2 generator at Gozo can be regarded as an 
alternative to the installation of No.4 Mosta feeder. This would also 
improve the supply system situation since (a) it would increase within 
a relatively short time, the overall system generating capability by 
10 MVA (which in any event would need reinforcement through another 
source to provide the minimum generating capability required to meet the 
Long Term peak load), (b) improve the security and quality of supply 
at Gozo and Comino and (c) reinforce the effective transmission capacity, 
even making it possible to export about 3 MVA of power from Gozo to the 
main island. 
As already discussed in Section 8.4.1 an estimated 82 MVA of 
additional generation capacity will need to be provided above the 
353 MVA Medium Term capability requirement in order to meet the predicted 
Long Term high growth peak demand. The installation of No.2 generator 
at Gozo Power Station would contribute 10 MVA. This implies that 72 MVA 
of generation would have to be provided from a new source. Since the 
installation of further generating plant at Marsa Power Station has been 
ruled out, the 72 MVA of generation would have to be provided from a 
new generating station. As already discussed, the choice of a new 
power station site has been narrowed to the proposal for a site at the 
southern side of the new Marsaxlokk Transhipment Terminal at a location 
known as Benghisa Point. 
In the case of Malta the type of generating station which would be 
suitable to provide the 72 MVA (65 MW) capacity, would certainly have to 
be based on a conventional steam-raising plant, taking into account the 
possibility of base-load operation in which the cost per unit generated 
by both gas-turbine and diesel plants would be prohibitive. 
In Section 9.4.1 it was estimated that the total generation capacity 
required to meet the high growth peak load demand (343 MVA) by the end 
of the Long Term period is 435 MVA, which provides a reserve capacity 
margin of 92 MVA. This reserve margin includes a margin of 67 MVA to 
cover for the unavailability (outage} of the largest generator and a 
margin of 25 MVA (equivalent to a maximum standard deviation of 7.3% 
on the peak load demand) to cover for uncertainties (load prediction 
errors, abnormally severe winter conditions, etc.) It has also been 
assumed that the proposed 435 MVA generating capacity would include the 
17 MVA generation contributed by Marsa 'A' Station. The proposed total 
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generating capacity at the beginning of the Long Term period (1988/9) 
including 10 MVA from No.1 generator at Gozo Power Station, is 353 MVA. 
Adding No.2, 10 MVA generator at Gozo Power Station raises this total 
generating capacity to 363 MVA, which leaves a margin of. (435-363) = 72 
MVA to be contributed by the Marsaxlokk Power Station.· The point 
which needs to be stressed here is that the 72 MVA requirement has 
been estimated on the assumption that the Marsa 'A' Station continues 
to contribute 17 MVA during the_Long Term period, which may be open 
to argument. One could argue that a part (17 MVA) of the 25 MVA 
(7.3%) reserve margin covering uncertainties could be sacrificed 
to cover for the shut down of 'A' Station. However this reserve 
(uncertainty) margin would be drastically reduced leaving little 
room for the generation system to cope with further possible contingencies. 
On the basis of this argument it would be justifiable to add the 
17 MV~ to the 72 MVA generation requirement to give a total of 
(72 + 17) = 89 MVA (80 MW) for Marsaxlokk Power Station. This could 
be met by the provision of two steam-driven turbo-generators each 
having a capacity of 40 MW (44.5 MVA) energised from the steam-boilers 
designed for dual firing by either heavy fuel oil or pulverised coal. 
Each boiler would be rated for approximately 200 Tonnes .Steam/hour. 
Each generator would be supplied complete with its step-up 11.5/33kV 
qenerator transformer, and the necessary auxiliaries. With the 
two Marsaxlokk 44.5 MVA generators .installed the total generating 
capacity of all Stations (including 'A' Station) would be raised 
to 452 MVA (406 MW). However with the possible shutdown of 'A' 
Station the total generation capabilitv will be reduced to 435 MVA 
(391 MW). 
In the event that a medium growth scenario is realised then 
the peak load demand at the end of the Long Term is expected to be 
293 MVA. On the above basis the corresponding generation requirement 
becomes [293 + 67 + (0.073 x 293)] = 381 MVA. Assuming again that 
the Marsa 'A' Station is shutdown, the required capacity of Marsaxlokk 
Station would be [381·- (353 - 17 + 10)] = 35 MVA, which implies 
that only one of the above 40 MW (44.5 MVA) need to be installed 
by the end of the Long Term period. In fact the installation of 
No.l generator at Marsaxlokk would satisfy the total capacity require-
ment, even if No.2 generator at Gozo Power Station is not installed. 
This may suggest that under a medium growth scenario only the No.1 
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Marsaxlokk generator need to be installed. However further analysis 
confirms that failing to install No.2 generator at Gozo Power Station 
leads to the risk of loss of supply security. 
9.5.2 Marsa Station Interbus Link Reinforcement 
With all interbus link reinforcements at Marsa Station implemented 
as proposed in the Medium Term Development Plan, there would appear 
to be no further need for improvements during the Long Term from 
the point of view of load growth alone even under high growth conditions. 
However in order to improve the flexibility of the system and further 
enhance the level of security, it is suggested that an interconnector 
of about 10 MVA capacity be inserted between the 11.5 kV Busbars 
81 and A. The addition of this interconnector would enable the 
anticipated load re~irements of Busbar A to be totally supplied 
from Busbar B1, irrespective of which of the components (the larger 
or smaller ca~acity) within each of the Links B1-B2, 83-84 and B4-A 
are energised, provided that the set loading limits on Busbars Bl, 
84 and A (36 MVA, 12 MVA and 32 MVA) are not exceeded. This in 
turn would permit the complete shut down of 'A' Station. However 
the impedance of this link would need to be such that~ it would maintain 
the fault level within acceptable limits. This problem is further 
analysed in Appendix A6. The res~ective computer programme was 
extended in order to analyse the effect that the introduction of 
this link has on fault levels. 
9.5.3 Marsa Station Busbar Loading Limit and Load Redistribution 
The loading limits on the Marsa Station 11.5 kV busbars A, 
81 and 84 as proposed in the Medium Term Plan will continue to be 
adopted in the Long Term plan. The loadings would be maintained 
through a continuous programme of load transfers. An alternative 
to such a procedure is to provide substantial reserve capacity margins 
on these busbars so that a longer time would elapse before the loading 
limits are reached. However this would imply premature financial 
investment in plant which would not be fully utilised for some time. 
Hence a balance must be-struck between the reserve capacity margin 
to be provided and the investment that can be committed. 
Bearing the above problems in mind loading limits have also 
been set on the 33 kV Busbars 82 and B3. Setting a loading limit 
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of 35 MVA on the 33/11.5 kV substations would imply that for two 
33 kV feeders each with a nominal rating of 20 MVA, a reserve capacity 
margin of approximately [(2 x 20) - 35] = 5 MVA (t4.3%) would be 
obtained. This gives a capacity margin of at least 25 MVA on ten 
33 kV feeders which would theoretically cater for the outage of 
one of these feeders and hence a maximum loading limit of approximately 
86% of the total capacity of the feeder group. 
A Long Term load redistribution scheme based on the loading 
limits discussed above is proposed as shown in Table 9.2. It must 
be realised that some temporary overloading of individual busbars 
or feeder group would be inevitable if the required reinforcement 
is not commissioned at the right time. The timing will involve 
a tight works programme since the allowable intervals between the 
implementation of priorities may be very short. 
Table 9.2 has also been used to derive the regional loadings, 
33 kV feeder loadings and station plant loadings as shown in Figs. 
9.4, 9.5 and 9.6. 
9.5.4 Transmission and Distribution System Developments 
The proposed network developments are indicated in Figs. 9.4 
and 9.5. All the reinforcements specified below need to be implemented 
during the Long Term plan period if a high growth rate scenario 
prevails. Alternatives are also proposed to cover the medium growth 
scenario. No reinforcement problems are envisaged in the case 
of a low growth scenario (225 MVA), although the financial investment, 
capital works and plant obsolescence programme may need to be re-
appraised. 
The Long Term transmission system development proposed is 
characterised by the establishment of a strong high voltage link, 
which would interconnect the new MarsaXlokk Power Station with the 
Marsa Power Statio~ through Tarxien and which would be extenaed 
from Marsaxlokk Power Station to loop in and provide an alternative 
supply at the various 33/11.5 kV load distribution centres. This 
link should serve to 
a) raise the level of supply security at the load centres, particularly 
in the event that any one set of two feeders providing the normal 
supply to an individual load centre becomes unavailable. This 
should significantly decrease the probability of supply interruptions 
to consumers. 
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·b) increase the effective transmission capacity of the network and 
improve the reliability and quality of supply particularly in the 
industrialised south-east region of the island 
c) provide for ·more flexibility of S¥stem operation and greater 
freedom for normal preventive maintenance and inspection and testing 
of equipment 
In addition it is also proposed that the link be duplicated 
to further improve supply security. especially under fault conditions 
(though such security may not be absolute in the case of a double-circuit 
single-line tower). It is to be noted that the cost of a double-circuit 
line would be significantly less than twice that of a single line. 
The above gains will need to be weighed against such disadvantages 
as higher capital investment and maintenance costs in addition to 
the \ncrease in the prospective fault levels (and higher switchgear 
rating requirements) that would result. However past experience 
has indicated that a significantly higher level of supply security 
than that existing at present, needs to be provided, particularly 
during the winter peak load periods. 
The proposed Long-Term network reinforcements are indicated 
by dashed-lines in Figs. 9.4 and 9.5. Further details including 
a suggested order of priority for implementation are given below. 
1. Installation of No.2,33/11.5 kV, 15 MVA transformer at Gozo 'G' 
Power Station. This transformer would be commissioned together 
with No.2 1 9MW (10 MVA) gas-turbine generator by 1989/90. 
2. Installation of No.2, 33 kV, 20 MVA Lapsi feeder. The supply 
end of this feeder would be connected to the same circuit breaker 
controlling No.1 Lapsi feeder, located on Busbar B3, as shown in 
Fig.9.4. Further load could then be transferred to Lapsi Distribution 
Centre. 
3. Construction of a new 33/11.5 kV Distribution Centre at Zebbug 
(designated Zebbugl comprising two 22.5 MVA, 33/11.5 kV, oil-filled 
transformers with on-load tap-changers and associated 33 kV and 11.5 
kV switchgear. Concurrently the new 33 kV No.1 and No.2 Zebbug 
feeders each having a nominal capacity of 20 MVA would be run between 
Busbar B3 of 'B' Power Station and Zebbug Distribution Centre. No.1 
and No.2 Tarxien feeders would then be disconnected from Busbar B2 
and connected to the same circuit breakers controlling No.3 and No.4 
Tarxien feeders on Busbar B3. No.2 and No.3 Mosta 1 feeders would after-
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wards be disconnected from Busbar B3 and connected to the ex-Tarxien1 
circuit breakers on Busbar B2. This would permit No.1 and No.2 
Zebbug feeders to be connected to the ex-Mosta circuit breakers on 
Busbar B3. The final arrangement is shown in Fig. 9.4. Load would· 
thereafter be transferred from the Marsa Power Station, Mosta 1 and 
Msierah to Zebbug Distribution centre to achieve the loadings indicated 
in Table 9.2. It is proposed that the Zebbug Distribution Centre 
be commissioned by 1990/1. 
4. Installation of No.1 and No.2 Transformers at Marsaxlokk 'M' 
Station. Each of the transformers would be oil-filled, rated at 
33/11.5 kV, 15 MVA and supplied with an on-load tap-changer. The 
two transformers are expected to be commissioned by 1991/2 concurrently 
with No.1, 40 MW (44.5 MVA) generator which would constitute Stage 1 
of Marsaxlokk 'M' Power Station. This would make it possible to 
transfer the Marsaxlokk Transhipment Terminal load and other nearby 
loads from Tarxien 1 to 'M' Station. 
5;' Installation of No.1 and No.2 33 kV feeders (each of 20 MVA 
nominal capacity) between 'M' Power Station and Halfar Distribution 
Centre. The circuit length is ~elatively short and in this particular 
area cables would prefe~ably be used in order to reduce obstruction. 
These feeders are envisaged to be commissioned by 1991/2 concurrently 
with Stage 1 of 'M' Station. This would enable Halfar to be totally 
supplied from 'M' Station and also relieve 'B' Station of some load. 
6. Installation of No.1 and No.2 interconnectors between Halfar 
and Lapsi Distribution Centres, consisting of a 33 kV double-circuit 
overhead line, each circuit having a nominal capacity of 20 MVA. 
These interconnectors would constitute a section of the proposed 
high voltage link extending from Marsa 'B' Station to Msierah through 
Tarxien, Marsaxlokk, Halfar, Lapsi, Zebbug and Mosta as indicated 
in Figs. 9.4 and 9.5. 
7. Re-routing of the double-circuit overhead line interconnecting 
Tarxien 2 and Halfar Distribution Centres • The two interconnectors 
. would be disconnected from the Halfar end and connected to the 'M' 
Station 33 kV busbars. 
8. Installation of No.2, 22.5 MVA, 33/11.5 kV Transformer at Halfar 
Distribution Centre, including the necessary 33 kV and 11.5 kV switchgear. 
It should be ensured that No.2 Transformer be identical to 
No.1 Transformer. 
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9. Installation of No.3 and No.4 Marsaxlokk-Halfar feeders which 
would constitute a section of the high-voltage link. The circuit 
breakers at Marsaxlokk 'M' Station supplying these two feeders would 
control the power input to the high voltage link, and would normally 
be maintained open. These circuit breakers would however be energised 
in order to provide an alternative supply through the high voltage 
link to any one of the 33/11.5 kV distribution centres in the event 
that the normal incoming supply.from 'B' Power Station, becomes 
unavailable. It ts envisaged that these feeders be commissioned 
together with No.2,40 MW (44.5 MV~) generator at 'M' station by 1993/4. 
10. Installation of No.l .and No.2· interconnectors between Lapsi 
and Zebbug Distribution Centres, consisting of a 33 kV double-circuit 
overhead line, each circuit having a nominal capacity of 20 MVA. 
These interconnectors would constitute a section of the proposed 
high voltage link. 
11. Installation of No.l ana No.2 interconnectors between Zebbug 
and Mosta 2 Distribution centres consisting of a 33 kV double-circuit 
overhead line, each circuit having a nominal capacity of 20 MVA. 
These interconnectors would also constitute a section of the high 
voltage link. 
12. Transfer of No.1 and No.2 Mosta 1-Mellieha 33 kV feeders from 
Mosta 1 to Mosta 2 which would involve a disconnection from the Mosta 1 
side followed by a connection to Mosta 2. Two new circuit breakers 
would need to be installed at Mosta 2. The Mosta 1 - Mosta 2 section 
of the high voltaqe link would then be installed utilising the existing 
cable tnterconnections. 
13. Installation of the last section of the high voltage link between 
Mosta 1 and Msierah Distribution Centre, utilising the existing Mosta-
Msierah cable interconnector and associated switchgear to provide 
one half of the high voltage link. The second half of the link 
(No.2 Msierah - Mosta interconnector) would consist of a similar 
cable interconnector. One circuit breaker on each of the Mosta 1 
and Msierah 33 kV busbars would need to be provided to accommodate 
No.2 interconnector. 
During this time efforts would need to be made (especially jf 
a htgh load growth rate applies) to complete both the Gozo and Marsaxlokk 
power stations including the installatton of all the necessary auxtliaries. 
The commissioning of No.1 and No.2 33/11.5 kV transformers at 'M' 
-206-
Station would enable the local 11.5 kV load to be supplied. The 
transfer and redistribution of loads indicated in Fig. 9.2 should 
also be carried out in order to give the final (end of Long Term) 
network loadings shown in Figs. 9.4 and 9.5 and the feeder and generator 
group loadings indicated in Fig. 9.6. 
The establishment of the proposed interconnecting link would 
also facilitate the upgrading of the system voltage from 33 kV to 
66 ~V if this would prove to be necessary at some time in the future. 
The upgrading of the system voltage would be justified, if a significant 
growth in the load density is realised. The load density attained 
in Malta during the 1984/5 peak load is estimated to be 0.53 MVA/krn2 
(0.48 MW/km2) which is low when compared with the load densities 
obtained in the industrialised countries. For example, densities 
2 2 
attained in UK are: Central London lOO MW/krn , Greater London 20MW/krn 
and Southern Eng<and 1MW/km~. 14 . By 1994/5 the load density in 
Malta might increase to 1.03 MVA/krn2 (0.92 MW/krn2 ) under the high 
growth scenario, which might then justify the upgrading of the voltage, 
especially if the trend in the load density growth does not indicate ( . 
clearly the onset of load saturation. Because of the limited area 
of Malta, the unlikely significant growth in population, scarcity 
of resources, and the awareness of increased energy conservation 
and its more efficient utilisation, it may be thought that demand 
saturation could soon be reached. On the other hand the possible 
increase in commercial and industrt~l activity, tourism as well as 
a substantial imProvement in the standard of living could bring about 
a corresponding rapid growth of future electricity demand (although 
the difficulties met in procuring correspondingly larger quantities 
of fuel, which will have to be imported, may tend to curb this growth). 
Thus if a significant increase in electricity demand was envisaged, 
then it would be wise to decide to risk the additional investment 
and prepare for the upgrading of the system transmission voltage 
to 66 kV. {n such a case the size of the towers (Spacing between 
conductors) could be designed for accommodating a double-circuit 
66 kV tine and possibly for carryinq two bundled conductors per phase. 
(At 66 kV a double circuit line with two bundled, 185 rnrn2 aluminium 
alloy conductors per Phase would be capable of transmitting a total 
power of approximately 160 MVA). The cost of a 66 kV tower.would 
be significantly less than that of two 33 kV towers transmitting 
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the same power. Furthermore if 66 kV operation is eventually realised, 
the costs for replacing the towers would be saved in addition to 
the saving of time for the conversion to take place. 
9.5.5 Maximum Loading LL~its on the Regional Distribution Centres 
The maximum loading limits on the regional distribution centres 
as proposed in the previous Chapter are again adopted in the Long 
Term Development Plan. Thus a loading limit of 25 MVA would be imposed 
on 33/11.5 kV substations containing 2 x 15 MVA transformers whilst 
for substations containing 2 x 22.5 MVA transformers this limit is 
set at 35 MVA. The proposed load distributions indicated in Table 9.2 
and Fios. 9.4 and 9.5 have been based on these li.mits. The figures 
take into account the cyclic ratings of the transformers and the 
possibility of up to 5.5 MVA of load transfer to adjacent substations 
via the 11.5.kV network. Installation of additional reinforcements 
between the 11.5 kV busbars of the regional distribution centres 
may consequently be required (e.g. between Mosta 1 and Msierah). 
However, this would further improve the load transfer capability 
and flexibility within the 11.5 kV distribution system particularly 
in the event of an outage of a 33/11.5 .kv transformer. 
9.6 Implications of the Proposed Long Term Developments 
The implications of the proposed Long Term system developments 
and the ~edistribution of the predictea load are illustrated in 
Figs. 9.4, 9.5 and 9.6. From the information shown it can be seen 
that the loadings on the power station and distribution centre busbars 
and the various lines are all within the set operating limits. 
Implementation of the proposed Long Term generation developments 
(the addition of No.2 10 MVA (9 MW) generator at Gozo and the new 
Marsaxlokk Power Station comprising 2 x 44.5 MVA (80 MW) generators) 
would bring the total generation capabilitv of the Enemalta system 
to 435 MVA (391 MW) and the firm generation capability to 368 MVA 
(331 MW). if the Marsa 'A' Station is, as expected, completely shut 
down before the end of the Long Term period. The proposed capacity 
also allows for an adequate reserve generation margin (92 MVA or 
26.8%) to meet all the forecasted Long Term peak demands both under 
total plant availability and outage conditions. The proposals may 
also cover to a limited extent the load demands in the initial years 
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after the expiry of the Long 'l'errn period ( 1994/5). Failur .. to implement 
any of the ~ong Term generation retnforcements implies that the predicted 
load demand will exceed the firm generating capability (286 MVA, 
reduced to 269 MVA with 'A' Station closed) so involving a serious 
risk of forced load shedding. Failure to add No.2 generator at 
Gozo 'G' Power Station would imply overloading of Mosta No.1 feeder 
and a lower tevel of supply security at Gozo and Comino. Failure 
to construct the proposed Marsaxlokk 'M' Power Statton would result 
in an inadequate firm generating capacity and leave a weak t~ansmission 
system tn the south-east region of the island. The above implications 
confirm that the generation expansion programme particularly the 
construction of the new Marsaxlokk Power Station in time must be 
considered as a matter of vital importance. 
As regards the development of the Marsa Station interbus links, 
the only proposal made for the Long Term provides for the addition 
of an 11.5 kV interconnector between Busbars 61 and A. Implementation 
of this PrOPosal would result tn improved flexibility of operation 
of the interbus link system enabling either the high or low capacity 
connections to be used even with 'A' Station completely shut down. 
If this reinforcement is not provided and 'A' Station is shut down, 
then link overloading could be prevented (under ~igh growth scenario 
conditions) if the high canacity element were in sound condition. 
Maintaining the busbar loadings to the proposed set limits would 
continue to be adopted to prevent overloading of the links and feeder 
groups outgoing from the power station busbars. 
~he tong Term transmission developments proposed have mainly 
been concerned with the establishment of a 33 kV link connecting 
the regional distribution centres, the Marsa and Marsaxlokk Power 
Stations as well as the north-west and south-east regions of the 
supply network. The main objective of proposing this link is to 
provide for an increased security of supply at the regional load 
distribution centres by affording an alternative source of supply 
in the event of the outage of one or both of the incoming feeders 
providing the normal supply from 'B' 
one or both of the feeders supplying 
Power Station. Thus if any 
a particular distribution centre 
becomes unavailable, the procedure would be to switch the corresponding 
bus section on to the link until the normal supply from 'B' Station 
is restored. As can be seen from Fig. 9.4 the link is energised 
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f~om 'M' Station and would be used tn emergencies or during maintenance 
work. The circu~t breakers connecting the distribution centres 
to the link are normally maintained open as indicated in Fig. 9.4. 
The establishment of this link and the proposed network configuration 
including the interconnection of Marsa and Marsaxlokk Power Stations 
through Tarxien, will highly increase the effective transmission 
capacity of the supply network, since it enables additional power 
from a second source to be injected into the network at a different 
node. In fact the interconnection of Marsaxlokk Power Station is 
estimated to increase the effective capacity of the suppy network 
by 145 MVA which accounts for 70.7% of the total increase (205 MVA) 
for the Long Term. The 145 MVA capacity increase takes into account 
an additional 25 MVA of capacity contributed by the 11.5 kV network 
outgoing from the Marsaxlokk Power Station. Implementation of all 
the proposed Long Term developments will uprate the total effective 
capacity of the supply network to 558.3 MVA, resulting in a reserve 
capacity margin of 72.3%. The figure of 72.3% compares reasonably 
with the ~ange of 40% - 100% proposed by Knight31 and wtth the likely 
margin that wil.l result f~om adoption of the standards of security 
of supply recommended by the Electricity Council U.K. 80 • 
The addition of a new distribution centre at Zebbug implies 
that the excess load, which would otherwise be imposed on Marsa 'B' 
Station, Msierah and Mosta 1. can be transfe~red to the Zebbug 
Distribution Cent~e. Failure to provide the Zebbug Substation (and 
the associated 33 kV feeders\ implies a progressive overloading of 
'B' Station, Msierah and Mosta 1. 
The addition ot No.2 Lapsi feeder will permit the·loading on 
the Lapsi Substation to be increased from 17.8 MVA to 25 MVA. 
However because of the unavailability of spare ways on the 'B' Station 
busbars, it is proposed to supply both No .1 and No. 2 La psi feeders 
f~om the same circuit breaker which has sufficient capacity (1200A 
or 68.5 MVA at 33 kV \ . If both the Lapsi feeders fail or become. 
unavailable, an alternative supply will then be obtained by switching 
on to the 33 kV link supply. 
As regards the supply of the four Tarxien feeders from two circuit 
breakers, the decrease in supply security has been compensated by 
the provision of an alternative supply from Marsaxlokk Power Station. 
The addition of the second interconnector between Mosta 1 and 
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Msierah Ql,stribution Centres will permit the Msierah load to be supplied 
from the 33 kV high voltage link, in the event that one or both of 
the Msierah feeders becomes unavailable. 
The total capacity of the distribution centre transformers is 
increased from 241.5 MVA to 357.6 MVA, which with a total loading 
of 227.2 MVA results in a reserve capacity margin of 57.4%. It 
is to be noted that in the case of the Gozo and Halfar Substations 
only one of the transformers proposed needs to be installed in order 
to meet the anticipated load, but two transformers will be required 
to give an adequate level of supply security, and this will be reflected 
in a higher value of reserve capacity margin. 
The addition of No.2 generator at Gozo Power Station implies, 
that apart from the resulting increase in the overall generation 
c~pability, the security and quality of supply in Gozo and Comino 
will be highly improved. The installation of generation at Gozo 
will make this island and Comino fully independent of the state of 
the electrical supply in Malta, and in fact about 3 MVA would be 
capable of bet~g exported to Malta. Because of the provision of 
a local supply the voltage regulation at the terminals of Gozo consumers 
will be highly improved provided that a number of excessively long 
low voltage feeders (which are known to exist in Gozo) are replaced 
by the installation of more ~rea substations. In any event the 
extension of the 33 kV system to Gozo will help to eliminate the 
large voltaqe drops experienced in the past. Also, the installation 
of generation at Gozo is capab1e of reducing the power transmission 
requirement for Gozo to zero. With only one generator operating 
at Gozo the required power transmission to the island over the 33 
kV lines between Mellieha and Gozo will be 6.8 MVA, whilst the power 
transmitted over the 'B' Station - Mosta 1 feeder and the Mosta 1 -
Mellieha feeders will be 21 MVA. An estimate of the voltage drop 
over the 33 kV lines between the Marsa 'B' Power Station and Gozo 
qives a ftgure of 7.9% (with No.1 generator at Gozo in operation) 
which is well within the ~ange of the transfo~er tap-changing gear. 
As this would be the largest voltage drop in the 33 kV system no 
furthe~ analysis of the voltage profile situation has been carried 
out. 
It is expected that with the implementation of the proposed 
Long Term system developments and load redistribution, voltages at 
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the 33/li.5 kV substations can be maintained within acceptable limits 
under both total plant availability and outage conditions. The network 
arrangement and the proposed substation loading limits will permit the 
outage of both 33 kV lines feeding any of the distribution centres, the 
alternative supply being obtained by switching on to the 33 kV link. 
The 33 kV link capacity (40 MVA} is capable of providing an alternative 
supply to only one substation (loaded at 35 MVA} at a time. However 
by using two bundled conductors the link capacity could be. doubled to 
80 MVA, but this will also increase costs. 
9.6.1 Fault Levels 
The proposals for duplicating Link Bl-B2 and Link B3-B4 and 
triplicating Link B4-A, made in the Medium Term Development Plan are 
also applicable to the Long Term Plan. This implies that the fault 
levels at points A, B, D, Rand S (Figs. 4.14 and 4.15}, which, from 
the computer analysis carried out were found to be acceptable, still 
remain unchanged. In fact with the shut down of the 'A' Station 
generation these fault levels will be slightly reduced. However one 
new development proposed in the Long Term Plan involves the addition of 
an 11.5 kV interconnector between busbars Bl and A. In order to study 
the effect that the introduction of this interconnector will have on 
the fault levels, the computer programme was extended (See Appendix AB}. 
The results of the computation indicate, that to maintain·the fault 
levels within acceptable limits, the impedance of this interconnector 
should not be below 0.38 ohm. 
9.7 Conclusions 
In order to render the Enemalta System capable of meeting the 
forecasted Long Term peak load demand (343 MVA} under all the anticipated 
load growth and plant outage conditions the system developments summarised 
below are proposed. 
l. Installation of No.2, 10 MVA (.9 MW} gas-turbine generator at 
Gozo 'G' Power Station, including the addition of the second 33/11.5 kV, 
15 MVA transformer and the associated switchgear. 
2. Construction of a new conventional steam-driven 80 MW (89 MVA} 
Power Station at Marsaxlokk consisting of two steam-driven turbo-generators 
each rated at 40 MW (44.5 MVA} and two coal/oil fired steam boilers each 
rated at 200 Tonnes steam/hour. The generators will feed the station 
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33 kV busbars through 11.5/33kV unit transformers. The station is to 
include 2 x 15 MVA, 33/11.5 kV transformers to supply the local load. 
3. Installation of a 10 MVA, 11.5 kV interconnector reactor between 
Busbars Bl and A. This is necessary in view of the shutdown of 'A' 
Station. 
4. Installation of No.2 Lapsi feeder rated 20 MVA at 33 kV which is to 
be connected to the same circuit breaker supplying No.l Lapsi feeder on 
Busbar B3. 
5. Construction of a new 33/11.5 kV distribution centre at Zebbug 
comprising 2 x 22.5 MVA transformers and associated switchgear and 
installation of No.l and No.2 Zebbug feeders each rated 20 MVA at 33 kV 
between 'B' Station Busbar B3 and Zebbug. This would also require 
transfers of No.l and No.2 Tarxien feeders from Busbar B2 to Busbar B3, 
and transfer of No.2 and No.3 Mosta 1 feeders from Busbar B3 to Busbar B2. 
6. Installation of No.l and No.2 feeders each rated 20 MVA at 33 kV 
between Marsaxlokk 'M' Power Station and Halfar Distribution Centre, 
utilising underground cables. 
7. Installation of the first section of a new 33 kV, 40 MVA link 
consisting of 2 x 20 MVA double-circuit overhead line erected between 
Halfar and Lapsi Distribution Centres. 
8. Re-routing of the Tarxien-Halfar double-circuit line to Marsaxlokk 
'M' Station, involving disconnection from the Halfar end and connection 
to Marsaxlokk. 
9. Installation of No.2, 22.5 MVA Transformer at Halfar Distribution 
Centre. 
10. Installation of the 33 kV link section between Marsaxlokk 'M' 
Station and Halfar Distribution Centre (No.l and No.2 Marsaxlokk-Halfar 
interconnectors), utilising cables. 
11. Installation of the 33 kV link section between Lapsi and Zebbug 
Distribution Centres (No.l and No.2 Lapsi-Zebbug interconnectors) 
consisting of a 2 x 20 MVA double-circuit overhead line. 
12. Extension of the 33 kV link from Zebbug to Mosta 2 Distribution 
Centre (No.l and No.2 Zebbug-Mosta 2 interconnectors) consisting of a 
2 x 20 MVA double circuit overhead line. 
13. Transfer of No.l and No.2 Mosta 1 - Mellieha feeders from Mosta 1 to 
Mosta 2 involving disconnection from the Mosta 1 end and connection to 
Mosta 2, and installation of the 33 kV link section between Mosta 1 and 
Mosta 2 (No.l and No. 2 Mosta 1 - Mosta 2 interconnectors) utilising the 
existing cables. 
14. Installation of the last extension of the 33 kV link CNo.l and No.2 
Mosta 1 - Msierah interconnectorsl utilising the existing Msierah -
Mosta 1 33 kV cable interconnection and laying of the second similar 
33 kV cable interconnector. 
15. In addition to the reinforcements proposed above there will be a 
need to redistribute regional loads to restrict power station busbar, 
distribution. centre and feeder loadings to the limits proposed. 
CHAPTER 10 
CONCLUSIONS 
10.1 Summary of Proposals 
A planned development of the Maltese Electricity Supply System has 
been presented in this thesis. The projec~ has been concerned with the 
development of techniques for electricity supply system planning and 
design and the application of these techniques in studying and proposing 
possible future developments to the electricity supply system in the 
Maltese Islands. 
The overall objective has been to plan for a supply system which would 
give a. reliable and efficient service to consumers, which would be 
capable of being operated and maintained economically and which would 
not impose an unrealistic burden on the national economy. The system 
would also need to be sufficiently flexible to permit future development 
and modifications. 
In formulating the plans, consideration needed to be given to the 
special needs of l·lalta which is a small isolated country with no 
indigenous fuel resources. Planning the electricity supply system in 
such a case has presented substantially different problems from those 
appertaining to large industrially developed countries. Hence the 
sophisticated techniques for the solution of such problems as discussed 
in the current literature are not necessarily applicable to Malta in 
either practical, technical or economic terms. Furthermore a relative-
ly small utility such as Enemalta can only afford a very limited number 
of planners and equipment such as computing facilities. In view of 
these limitations the purpose of this study has been focussed on 
creating a basis for planning techniques which utilises a systematic 
approach and which can be employed in future using only the limited 
facilities likely to be available in Malta. It is expected that once 
a firm foundation has been laid, then with progress of time, strategies, 
techniques and procedures would be refined particularly as more reliable 
data appertaining to system operation, loadings and costs become available. 
A survey of past and current approaches adopted in power system 
planning was carried out i.n Chapter l.. Because of the wide variations 
in size, complexity and topology of power systems in different 
countries, the approaches to the planning problems and the planning 
methodology adopted have also been varied to suit the needs and circum-
stances of the particular country. This has also been applicable to 
the case "of Malta. However.certain concepts appear to be common to 
practically all planning techniques being currently adopted in terms of 
consideration of objectives, means of implementation, constraints and 
monitoring and control within a closed-loop planning process. It is 
essential that such a planning process be preceeded by a study of world 
and national energy scenes taking into account such factors as (a) the 
development of national and world energy resources (b) likely growth 
rates in energy demand and the effect on fuel prices (c) balance~ between 
supply and demand and the sources of energy available. In the particu-
lar case of Malta, one crucial problem to be faced concerns the unavail-
ability of indigenous non-renewable energy sources particularly coal and 
oil. This led to the stud¥ of various types of energy demand-supply and 
econometric models most of which had been made plausible by the availabil-
ity of digital computers. However, most of these models though possibly 
suitable for planning large supply systems in developed countries, were 
found to be unsuitable in the case of Malta since they do not reflect 
the particular local needs and conditions. 
In the light of these difficulties a system planning procedure was 
eventually developed and tailored to cater for local conditions. Where 
it was feasible conventional planning techniques were adopted and modi-
fied to suit the conditions. For example British Standards of voltage 
and frequency and codes of practice continued to be adopted in the plan-
ning and design of new system developments. Furthermore the need to 
establish a firm basis on which future planning of the Maltese electric-
ity supply system could be carried out on a more scientific and system-
atic manner has led to the formulation of a planning philosophy and 
strategy as discussed in Chapter 3. The objective was to strike a 
balance between inexpensive, simple, quick, but moderately accurate 
techniques suited to the limited manpower and computing facilities 
likely to be made available and the expensive, sophisticated, time-
consuming but highly accurate techniques demanding specialised staff 
and large-scale computing facilities. It is also recognised that as 
further experience is gained and more reliable and detailed information 
as regards capital investments, financial accounting procedures, 
operating costs, system parameters and performance and statistical data 
concerning anticipated national economic indicators becomes available, 
the procedures initiated in this work will be further refined. 
It would be unrealistic to attempt planning the future development 
of a national electricity supply system without first acquiring an 
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adequate knowledge of the characteristics of its past and present 
performance and the factors which have governed its evolution in 
relation to national economic, industrial and social needs and 
aspirations. Account need also to be taken of the geography, size and 
position, physical and climatic features, land topology as well as the 
historical events that influenced the electricity supply development. 
Recognising these requirements, a study of the historical evolution of 
the electricity supply system in the Maltese Island was conducted and 
presented in Chapter 2. The study contributed to the identification of 
a number of salient problems of both short and long-term nature, 
shortcomings and limitations which would have to be taken into account 
in the formulation of future electricity supply development plans. 
General and important problems identified from this study include 
a) the high dependence of the energy sector in Malta, particularly 
electricity,on the availability of one fuel (oil) which has to be import-
ed, but which recently has started to be substituted by coal(which has 
also to be imported) 
b) the vulnerability of the energy sector in Malta to the internation-
al energy market situation and price fluctuations 
c) the significant inelasticity of the electricity supply-demand 
relationship. Despite the energy crisis electricity demand has more 
than doubled in the last ten years and only drastic measures such as 
the imposition of a substantial increase in tariffs and a ban on the 
importation on high power electrical appliances (cookers) appear to 
have been effective in reducing the growth rateintheMaltese electricity 
demand. 
d) the development of the transmission and distribution network over 
the years has taken place in a piecemeal fashion. There is an absence 
of a strong link between the north-west and south-east network regions. 
Interruptions of the supply at various localities especially during the 
winter months are noticeable, 
e) all generation has been concentrated at one location {Marsa), 
implying a lower flexibility and utilisation of the transmission network. 
It is also evident that the existing generation station at Marsa is 
approaching site saturation level implying that new power station sites 
need to be developed, subject to certain geographical and ecological 
constraints narrowing the choice. 
The identification of these problems provided a useful general 
overview of the electricity supply situation in the Maltese Islands, 
However there still remained the need for identifying more specific 
problems appertaining to the present state of the Enemalta system 
particularly its adequacy and capability to meet the most recent and 
immediate future load demands. Such a knowledge was re~ired in order 
to establish a base line on which to formulate proposals and plan the 
future development of the system. This necessitated the analysis of 
system performance relative to the most recent (February 1984) peak load 
conditions considering both total plant availability and outage con-
ditions as shown in Chapter 5. However in order to enable system 
analysis to be carried out more effectively, models representing the 
system in its aspects of generation, transmission and distribution were 
developed as explained in Chapter 4. System modelling was aided by 
the preparation of computer programmes tailored for the above needs as 
shown in the Appendices. The investigation of system performance 
helped to identify a number of problems resulting from 
a) an insufficient firm generation capability implying an unaccept-
able level of supply security 
b) the capacity of the transmission network being barely adequate 
to cope with the output from.the generating station, as confirmed 
by the overloading or operation of a number of circuits very close 
to capacity limits 
c) unacceptably high voltage regulation (and particularly unaccept-
able low voltage) at supply points remote from the power stations 
especially during peak load periods, accompanied by high network 
losses 
d) irrational load distribution on the station busbars and on the 
supply network as well as insufficient load transfer capability 
between sections of the network due to inadequate capacity and 
layout of interconnections. 
Having identified the above problems, the next stage was to deal 
with the immediate future or short-term situation. However a knowledge 
of the likely magnitude of future load to be supplied and its regional 
distribution had to be acquired before further analysis or planning of 
the system development could be carried out which necessitated fore-
casti,ng of the system load for the plan years ahead. Various load 
forecasting techniques were investigated but because, of the li::>ited data 
available a combination of. trend forecasting, using regression analysis 
and economic forecasts relating economic indicators such as GDP and 
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tourism to electricy demand, .were adopted. In fact because of the .lack 
of future economic forecasts for Malta, forecasts of average growth rates 
for the world and developing countries were adopted as a reasonable guide. 
However in order to cater for inevitable uncertainties a scenario approach 
was adopted considering high, medium and low electrical demand growth 
rates related to future economic growth rate in Malta as discussed in 
Chapter 6. 
Having identified the salient problems from the investigation of recent 
system performance and predicted future loads and their regional distrib-
ution the necessary background was thus acquired so as to enable the 
final objective of this project to be pursued, that is the planning of 
the future development of the Maltese electricity supply system up to 
1994/5. It is considered justified to record at this stage that an 
initial time-consuming problem which had to be solved before system 
analysis and planning cculd be attempted involved the compilation of 
parametric, operational, statistical and other relevant data from the 
power station site, drawing office, government authorities and other 
sources. Most of this data was raw and had to be conditioned before 
it.could be utilised.in the analysis and.planning. Lack of sufficient 
data concerning future economic performance projections, financial 
investments, operating costs and accounting procedures used, allowed 
only a general treatment of the planning economics involved to be included. 
This comment has been made in order to a~phasise the great importance of 
the availability of sufficient and reliable data for future planning. 
The initiation of an appropriate data base in Malta, dedicated to energy 
and power system planning is therefore strongly suggested, to further 
complement this work and to assist future system planners. 
The full development plan has been divided into three interrelated 
stages comprising a study of the interim or short-term situation which 
takes into account reinforcements under construction or already approved, 
covering the period 1983/4 to 1985/6, the Medium Term Development Plan 
extended to 1988/9 and the long Term Development Plan extending to 1994/5. 
The 1983/4 peak load period for which the initial system analysis was 
carried out was adopted as the base line for both load prediction purposes 
and the formulation of future planning proposals. 
Essentially the Short Term was considered as an interim period during 
which it would be unlikely that any major reinforcement could be planned 
and executed unless it was already well advanced or of a very special 
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nature. Thus the plan proposed to deal with the Short Term,could only 
take into account the existing ·system structure and those reinforcements 
expected to be completed by the end of this period. This implied that 
other proposals could only be based on minor adjustments and changing 
in the feeding patterns within the existing supply network. As a con-
sequence the Short 'Ierm proposals essentially aimed for a corrective 
action and implied load transfer from the heavily loaded Tarxien circuits 
and a corresponding redistribution of loads between the Marsa Power 
Station busbars. The importance of retaining a minimum of 17 MVA of 
generation at 'A' Station and of completing the planned reinforcements 
(No.9 generator and No.2 and No.3 Mosta feeders) within the time avail-
able is also emphasised. Hence the Short Term Plan, discussed in 
Chapter 7, can only provide interim solutions. 
The Medium 'Ierm, extending up to 1999/9, is considered to be 
sufficiently long as to permit execution of essential major reinforce-
ments that would render the system capable of coping reliably and effic-
iently with an anticipated end of term, high growth peak demand of 
262 MVA. The medium growth scenario was also investigated whereas the 
low growth scenario, posing less serious problems in terms of demand, 
execution time and financial investment has only been taken into con-
sideration where absolutely necessary. 
The study of the plan commenced with the identification of the 
salient problems inherited from the Short 'Ierm situation. The next 
step was to investigate the effect of imposing the anticipated future 
load on the yet unmodified system. This was done by simulating the 
system in its 1995/6 configuration using the forecasted regional peak 
demands as the system loadings. Various system aspects including 
generation, station busbars, interbus links, feeder groups and trans-
mission and distribution networks and plant have been investigated 
under both total plant availability and outage conditions by means of 
power flow analysis. This has served to highlight the problems 
previously identified and to indicate those of a potential longer-term 
nature associated with security and quality of supply, power station 
expansion limits and the Main structure of the network as well as 
problems appertaining to circuit overloading, excessive voltage regul-
ation and network losses. A fault level analysis was also conducted 
to check the adequacy of the existing switchgear ratings and the effect-
iveness of the current limiting reactors relative to changes in fault 
levels. The solution to these problems served as a basis for the 
formulation of proposals on which the Medium Term Development Plan was 
structured as discussed in Chapter a. The Medium Term reinforcements 
proposed are associated with an appropriate load redistribution scheme 
as indicated in the relevant Tables. The proposals were checked by 
showing that the proposed reinforced system is capable of coping with 
the anticipated load demand under the expected standards of security 
and quality of supply, endeavouring to balance these against additional 
costs and other constraints. 
The main features of the Medium Term Development Plan are to 
increase and diversify the generation capability through the addition 
of the (last) No.91 60 MW (67 MVA) generator at Marsa 'B' Station and 
the erection,of the first stage of the 18 MW (20 MVA) gas-turbine 'G' 
Power Station in Gozo. This station will render the islands of Gozo 
and Comino independent of the supply situation in Malta, improve the 
security and quality of supply in Gozo, relieve some of the load on the 
Marsa Station and increase the effective capacity of the supply network 
althougn it is primarily intended to serve as a peak-lopping or as an 
emergency source of supply. A failure of the electricity supply in Gozo 
also results in a stoppage of the Water Desalination Plant and Pumping 
Station thus implying a suspension of the water supply to consumers in 
Gozo. 
The Medium Term Plan also proposed the starting of planning and 
construction of the first stage of the 8 0 MW (89 MVA), coal/oil fired, 
steam 'M' Power Station sited close to the Marsaxlokk Transhipment 
Terminal. other notable features of the plan include the reinforcement 
of the interbus connecting links at the Marsa Power Station and the 
reinforcement of the south-eastern region (Tarxien) of the transmission 
network including a 33 kV supply to the Lapsi Feverse Osmosis Plant 
which produces about 35\ of the island's fresh water supply requirements, 
The Long Term Development Plan, extending up to 1994/5, encompasses 
a time-scale of sufficient duration to permit the planning. and execution 
of large extensions and reinforcements of system capacity. The develop-
ment of the system has been so planned as to render it capable of meeting 
a peak load demand of 343 MVA anticipated to be realised at the end of 
the Long Term period under a high growth scenario. The plan also caters 
for a medium growth scenario peak demand of 293 MVA, whilst a low growth 
scenario imposing a peak demand of 225 MVA would be catered for by the size 
of reinforcements adequate to meet the Medium Term demand (229 MVA) real-
ised under a medium growth rate •. 
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The methodology adopted in the formulation of the Medium Term Devel-
opment Plan was essentially applied again to the Long Term Development 
Plan presented in Chapter 9. The situation at the transition year (1988/9) 
between the Medium and long Term periods was first investigated in order 
to identify inherent problems. The system assumed to remain in its 
anticipated end of Medium Term configuration was then simulated by the 
regional peak loadings predicted for the end of the Long Term. The 
analytical results were then used as a basis for the fo~ulation of 
proposals on which the Long Term Development Plan was structured. 
The Long Term Plan is characterised by the commissioning of a new 
(and the second largest) 80 MW (89 MVA) Marsaxlokk 'M' coal/oil fired, 
steam-driven power station and the establishment of a strong high voltage 
(33 kV) link interconnecting the Marsa. and ~larsaxlokk Power Stations and 
the various 33/11.5 kV regional load distribution centres. The addition 
of the 'M' Power Station and the high voltage link are intended to 
provide significant reinforcement of both the overall generation and 
supply network transmission capacities. The extension of the high 
voltage link between the 'M' Station and Msierah will raise the level of 
supply security at the various load distribution centres by providing an 
independent alternative supply to cover for the outag.e of the normal 
supply at any one of the load centres. Other features of the Long Term 
Development Plan include the construction of a new 33 kV Distribution 
centre at zebbug and associated supply feeders, reinforcement of the 'B' 
Station-Lapsi circuit and the commissioning of No.2, 9 MW (10 MVA) gas-
turbine generator at Gozo 'G' Power Station. 
A summary of the proposed development plans indicating the suggested 
timing and priority of reinforcements to be implemented under high and 
medium growth scenarios is presented in Tables 10.1 and 10.2 respectively. 
The following abbreviations and notations have been used in Tables 10.1 
and 10.2 
B - Marsa 'B' Power Station 
G - Gozo 'G' Power Station 
M - Marsaxlokk 'M' Power Station 
HA - Halfar 33/11.5 kV Substation 
LA - Lapsi 33/11.5 kV Substation 
ME - Mellieha 33/11.5 kV Substation 
MCl - Most a 1 33/11.5 kV Substation 
MQ2 - Most a 2 33/11.5 kV Substation 
-222-
VE Vendome 33/11.5 kV Substation 
XR Xrobb 33/11.5 kV Substation 
No.7 at B (67 MVA) -denotes commissioning of No.7 generator at 
'B' Station (67 MVA capacity) 
No.2 B - MOl - denotes commissioning of No.2 line run between 
'B' Station and Mosta 1 
No.l MOl (22.5 MVA)- denotes uprating of Mosta No.l Substation Trans-
former to 22.5 MVA. 
It is to be noted that unless otherwise stated the nominal capac-
ities of all 33 kV lines (whether feeders or interconnectors) is 20 MVA. 
The anticipated general situation at the end of the Long Term 
Development Plan (1994/5) is as follows 
Total system loading (high growth scenario) 
Gross generating capacity (all stations less 
'A' Station) 
Firm generating capacity (all stations less 
'A' Station) 
Generating plant capacity margin 
Total capacity of network outgoing from all 
stations 
Loading on the supply network 
Spare capacity margin on the supply network 
Total transformer capacity 
Transformer loading 
Transformer spare capacity margin 
The above figures indicate that by the end of 
the capacity of the Enemalta system in its aspects 
the 
of 
= 343 MVA 
= 435 MVA (391 MW) 
= 375 MVA (331 MW) 
= 92 MVA (26.8%) 
= 559 MVA 
= 324 MVA 
= 235 MVA (72. 5 %) 
= 357.6 MVA 
= 227.2 MVA 
= 130.4 IWA 
(57.4%) 
Long Term Plan 
generation, trans-
mission and distribution will be adequate to meet the anticipated load 
under all expected load growth scenarios and in the event of major 
plant outage conditions. An attempt has been made to 'strike a balance 
between the likely costs of reinforcements and the benefits obtained 
through improvement in the level of security, reliability and quality 
of supply, increased flexibility of system operation and reduction in 
losses .. Because of the highly important role that electricity has in 
the development of the Maltese infrastructure both costs and benefits 
are not necessarily measurable in financial terms. A reliable and 
efficient electrical supply system could for example help to attract 
SUORT TERM ··-~DIUM TERM LONG TERM REINFORCEMENT 
1984/5 1985/6 1996/7 1997/9 1999/9 1999/90 1990/1 1991/2 199213 1993/4 1994/5 
GENERATORS No.7 at '9' No.a at ••• No.9 at ••• No.1 at 'G' ~o.2 at 'G' No.l at 'M' No.2 at"M' 
(33 MVA) (67 MVA) (67 HVA) (10 MVA) (10 MVA) (44. 5 MVA) (44.5 MVA) 
A STATION 
SH11l'OOWN 
(17 MVA) 
1---·-----
STATION INTERBUS 82-83 83-84 84-A Bl-B2 81-A 
LINKS 2x90 MVA 1x45 MVA lx25 MVA lx37.5 MVA 1xl0 MVA 
POWER STATION No.2 B-MOl No.l fl-TA No.1 B-LA ~o.2 B-LA No.1 B-ZE No.l M-HA No,1 M-TA2 No. 3 M-HA 
)] kV No.] B-MOl No.l B-TA No.2 B-ZE No.2 M-HA (TRANSFER) No.4 M-HA 
No.2 M-TA2 
(TRANSFER) 
33 kV INTERCONNECTORS No.l M01-M02 No.2 TAR-HA No.l HA-LA No.1 LA-ZE No.l ZE-MOl 
No.2 M01-M:>2 No. 1 TA1-TA2 (TRANSFER) No.2 HA-LA No.2 LA-ZE No.2 ZE-!401 
No.l ME-VE No. 2 TA1-TA2 No.l TA2-XR No. 3 M:>1-MS 
No.2 ME-VE (TRANSFER) 
33 kV SUBSTATION M02 LA' 
. 
ZE 
VE 
33 kV TRANSFORMERS No.1 LA o.2 LA No.1 ZE No.l ZE No.1 M No. 2 HA 
NEW (15 MVA) (15 MVA) No.2 G (22.5 MVA) (22. 5 MVA) (15 MVA) (22.5 MVA) 
I '"'.1 GO (15 HVA) No.2 ZE No.2 ZE No. 2 M (15 HVA) (22.5 MVA) (22.5 MVA) (15 MVA) 
1----
3 3 kV TRANSFORMERS No.l M:>l No.1 TAl 
UPRATING (22. 5 MVA) (22.5 MVA) 
No.2 t'Ol No.2 TAl 
(22.5 MVA) (22.5 MVA) 
Table 10.1 Summary of planning proposals (Alternative 1 -High growth scenario) 
-SHORT TERM MEDIUM TERM 
REINFORCEMENT -- T 1984/5 1985/6 1986/1 1987/8 1988/9 
GENERATORS No. 7 at 'a' No.B at's' 
(33 MVA) (67 MVA) 
STATION INTERBUS LINKS 82-83 83-84 
2x90 MVA) lx45 MVA) 
POWER STATION No.2 B-MOl No.) B-TA2 
3 3 kV FEEDERS No.J B-MOl No.4 B-TA2 
33 kV INTERCONNECTORS No.l M01-ID2 No.2 ~l-M02 No .1 TA1-TA2 
No.l ME-VE No.2 TA1-TA2 
No.2 ME-VE 
)) kV SUBSTATION N02 
VE 
33 kV TP.ANSFORMERS 
(NEW) 
--
33 kV TRANSFORMERS No.l !oK>l 
(UPRATING) (22.5 MVA) 
No.2 MOl 
(22.5 MVA) 
Table 10.2 Summary of planning proposal•(Alternative 2 -Medium qrowth scenariO) 
LONG TERM 
1989/0 1990/1 1991/2 1992/3 
No.9 at's' 'A'.STATION No.l at'G' No.2 at'·c· 
(67 MVA) SHUTOOWN (10 MVA) (10 MVA) 
(17 MVA) 
84-A Bl-82 
(lx2S MVA) (lx37.5 MVA) 
No.l B-LA o.2 8-LA 
No, 2 TA21HA 
(TRANSFER) 
No,l TA2-XR 
(TRANSFER) 
LA 
No.l LA. No.2 LA 
(15 1~\'A) (15 HVA) No.2 G (15 MVA) No.l G 
(15 MVA) 
No.l TAl 
(15 MVA) 
No.2 TAl 
(15 MVA) 
1993/4 
Bl-A 
No.l B-ZE 
No,2 B-ZE 
ZE 
No.l ZE 
(22.5 MVA) 
No.2 ZE 
(22.5 MVAI 
1994/5 
No.l at'!t' 
No.l M-HA 
No.2 M-HA 
!No.l HA-LA 
!No.2 HA-LA 
~0.1 M 
( 15 MVA) 
No,2 M 
(15 MVA) 
I 
"' "' ...
I 
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potential entrepreneurs to invest in industrial projects set in Malta 
so enhancing the image of the island as a competitive tourist resort 
in which the infrastructural facilities and services offered must necess-
arily be of a high level. 
10.2 Future Prospects for Electricity Supply Development in the Maltese 
Islands 
In common with other countries, the economic and social development of 
the Maltese Islands will continue to be closely linked with the avail~ 
ability of sufficient energy and its efficient utilisation. Since 
electricity supply is likely to remain the primary source of energy in 
Malta, its development to meet the demands of domestic, industrial, 
commercial and other consumers will need to be given increasing promin-
ence and importance in future formulations of national energy policies 
and planning of the island's infrastructure. This need is envisaged 
to continue well beyond the next decade, i.e. beyond that covered by the 
development plan presented in this thesis. 
An adequate supply of energy, in particular electrical·energy, will 
greatly assist both economic and social progress. However progression 
in these two areas will in turn influence the rate at which it is desir-
able or possible to provide the supply of this energy and consequently 
the planning of the system which will convey the energy to consumers. 
Some major problems for which solutions must continue to be sought in 
the distant future include 
a) the likely long-term comparative price (e.g. coal, or natural 
gas) including the ease of availability 
b) the fuel requirements for domestic, industrial, commercial and 
power station use 
c) the type of fuels that should be used and for what purposes 
d) the extent to which it is technically and economically feasible 
to substitute fossil fuels by renewable energy sources (solar and wind 
energy) 
e) the constraints imposed by the non-availability of sufficient 
financial investment and the technical know-how to implement the 
necessary developments and structural changes in the energy system. 
The technical solutions to these problems can possibly be obtained 
by sound engineering practice requiring good judgement, imagination and 
ingenuity. However the definition of these problems will considerably 
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depend on the type of government policies adopted, taking into account 
both internal and external factors such as local industrial, commercial 
and economic development, and world energy prices. It must be bcrne 
in mind that the above energy problems, which will certainly be the 
most important ones facing Malta in the distant future, should be 
urgently attacked now since considerable time will be needed to imple-
ment new developments and strategies after their conception. 
The intense awareness of the future energy shortage and environ-
mental problems, the realisation of the techno-economic complexities 
involved and the availability of digital computers .have opened many 
new avenues iri power system research. Lack of financial and human 
resources and the scope for which it will ultimately be applied, highly 
limit such research in Malta, but it is believed that energy system 
planning scaled to suit local needs is one such research avenue that 
can be pursued and should be encouraged. In fact one of the objectives 
which prompted this work to be undertaken has evolved from the need to 
search into development of techniques for electricity system planning 
and design which could be applied to small developing countries like 
Malta, taking into account the limited resources available. There is 
ample room for improvisation and it is hoped that this contribution would 
serve bcth as a stimulus and a basis on which more refined future plans 
can be formulated. 
In the endeavour to seek for solutions to the energy problem which 
Malta (or other similar countries having no indigen~s fuel sources 
and who are expected to meet increasing difficulties in procuring such 
resources in the remote future) is likely to face·in the twenty-first 
century, some strategies appear to be attractive. These include 
l. The gradual substitution of fossil fuels by renewable (or nuclear) 
energy sources and the gradual integration of the latter into the supply 
network, which would also involve a phasing out programme for that part 
of the old system being replaced. As has already been discussed, the 
relatively small electrical demand, the high capital investment and 
sophisticated technology involved, the smallness of the island, the 
environmental problems likely to be created, and the envisaged political 
implications involved, make the choice of nuclear power for Malta a 
remote one, and likely to be seriously pursued only as a last resort. 
However in view of new discoveries, improvement in safety standards and 
perhaps the possibility of financial and technical assistance from 
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overseas sources, it is considered wise to keep such an option open, in 
spite of the apparent difficulties. As regards renewable energy sources, 
solar and wind energy appear to be most feasible for Malta, where sun-
shine is abundant (average daily susnshine is 10.1 hours in summer and 
6.5 hours in winter), whilst the duration and velocities of .the .wind are 
moderate. Other renewable energy sources such as tidal, wave and 
geothermal energy are not obtainable in Malta, and in any event these 
can only be exploited on a large scale basis, requiring enormous capital 
investments and technical know-how. The advantage of renewable energy 
sources is that they are inexhaustible and their exploitation does not 
result in environmental pollution. Solar energy is certainly plentiful 
in Malta giving average intensities of about 400 to 500 W/m2 • Until 
the present time the use of solar power in Malta has been.confined to 
domestic water heating. Further research into wider applications such 
as refigeration and desalination is being encouraged by Enemalta. It 
appears that there is ample scope for research in Malta into the appli-
cations of solar energy. Wind energy has been harnessed on a small 
scale in Malta for many years, the applications including windmills (for 
grinding grain) and crop irrigation. When compared with the total 
energy requirements in Malta, the contribution from these sources has 
been very small. However it is believed that more research and 
investigations can and should be carried out in future to exploit wind 
and particularly solar energy in Malta, on a larger scale than at present. 
The extent by which solar and wind power can contribute to reduce the 
load demand on the power station remains a topic of further research 
which would complement and extend this work. 
2. Conservation of energy, that is using the energy (which Malta 
has to import with expected increasing difficulties in future) more 
efficiently by applying measures which are technically feasible, econ-
omically justified and socially and environmentally acceptable. This 
could be accomplished by improved energy management in order to 
obtain higher energy efficiencies in all phases of utilisation of the 
energy available. Energy conservation would in practice be achieved by 
directing all possible efforts towards reducing the intensity of energy 
consumption by taking sensible steps to minimise wasteful uses of energy 
and improve the thermal and cost efficiency of both conversion (power 
system plant) and utilisation (appliances) processes. The objective 
of energy conservation from the national point of view is to reduce the 
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total energy needed per unit of GDP, which could be achieved by utilising 
most economically all means of national production which includes 
economic production·and utilisation of electricity, since this constit-
utes the largest source of primary energy. Since in Malta the manage-
ment of energy is the responsibility of the State, the governments of the 
future must take proper action to develop energy policies and adopt 
strategies using both market (tariff formulation) and non-market 
(provision of grants, subsidies and loans to consumers for energy saving 
schemes) mechanisms to encourage the rational use of energy. Some 
areas which_ can be covered by government policies, towards reducing the 
dependence of Maltese economic growth on energy consumption include 
a) minimisation of energy waste, especially within large institut-
ions such as government and parastatal departments 
b) changing consumer behaviour by economic (tariff structures) 
and other means (publicity through the mass media) 
c) replacing existing forms of energy by more appropriate ones 
(use of solar water heaters) 
d) promote research and investigation of energy balance in various 
aspects of industry particularly electricity supply which would help 
to identify and reduce energy losses (both technical and unaccounted 
losses). 
All types of losses imply financial costs to the supply utility and 
require corrective action (both technical and administrative) to be 
taken. It should be remembered that these losses also lead to financ-
ial losses to the nation. In general it is often expensive to reduce 
losses in power systems. Loss minimisation depends on the network and 
load characteristics of the system as well as the marginal costs of 
supply, although sometimes a few inexpensive measures, such as a change 
in.the network switching pattern, can result in a loss reduction. 
Identifying those sections in the power supply network where the highest 
losses occur is important. Referring to the Enemalta system perform-
ance, it can be seen from Table 6.2 that the annual generation losses 
(station consumption) for 1983/4 amcunted to 6.17% whilst the annual 
total losses in the transmission and distribution networks (comprising 
technical and unaccounted. losses in the 33 kV, 11.5 kV and 415/240 V 
networks) amounted to 17.9%. Furthermore from the load flow analysis 
conducted in Chapter 5 (refer to Fig. 5.3) the network losses in the 
33 kV network (including· the 33/11.5 kV substation transformers) during 
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the 1983/4 peak period totalled 2.18%. (Overall it may be assumed that 
this corresponds to an annual loss of approximately (0.56) 2x 2.18% i.e. 
o. 7%). Thus the annual losses in the 11.5 kV and 415/240 V networks 
would be (17.C9-0.7) = 16.39% of the total energy sent out of the power 
station busbars. Whilst the station loss of 6.17% is reasonable (as 
compared with 6. 7% in 1980/1 for U.K.) 92 , the total network loss of 
17.09% is high as compared with for example, the U.K. where the figure 
is 8.23%92 • It can also be seen that the losses in the 11.5 kV and 
415/240 V network account for (16.39/17.09) = 95% of the total annual 
network losses. Some high loss circuits (i.e. the 11.5 kV circuits 
'feeding the Lapsi Reverse Osmosis Plant and the Mellieha-Gozo circuits) 
have already been identified (see Chapter 5). Hence if any significant 
reduction in the supply network losses is to be achieved attent±on must 
be focussed on the 11.5 kV and to a larger extent on the low voltage 
(415/240 V) network where long runs of heavily loaded ci~cuits are 
known to exist (e.g. in Gaze). 
A study of the cost effectiveness of measures designed to reduce 
generation loss will need to take account of:-
a) marginal costs of generation 
b) operating practices and possibilities for plant scheduling 
c) maintenance and management procedures 
d) costs of the loss reduction measures. 
The electrical losses in the network are affected by decisions made 
with regard to the security and quality of supply and any remedial 
measures would have to incorporate some of the following each of which 
has associated costs, 
a) addition of new circuits 
b) reactive power control. 
It may be considerably more cost effective to save one unit of 
electricity by improving the distribution network than to produce an 
additional unit by installing new generating plant. For example a 5 
to 10 percent reduction in the distribution loss rate could imply a sav-
ing equivalent to one year growth in load demand. A further study of 
the cost-effectiveness of measures designed to reduce both generation,. 
and in particular, distribution is an area of research to which this 
work could be extended. 
From the above discussion and the work carried out in this thesis 
it is evident that further research and inve-stigations into the various 
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aspects of future plans for the development of the energy system in the 
Maltese Islands is necessary. Electricity supply development will 
certainly remain one of the most important issues in the development of 
a national energy policy and strategy. Selecting and making available 
the most adequate type of energy sources for Malta and utilising these 
sources most efficiently will present the m~in challenge to future 
· planners. 
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APPENDIX Al 
COST ANALYSIS OF POWER SYSTEMS SCHEMES 
Cost analysis of power system schemes may be broadly classified as 
follows 
1) erection of a completely new scheme 
2) replacement of ·an existing scheme 
3) extension of an existing scheme 
Various alternatives may meet each type of requirement and the most 
economic one is generally selected. The basic method of deciding 
between alternative schemes for electricity supply systems is to compare 
annual costs over the expected life of the systems proposed. The alter-
native which gives the lowest annual cost will presumably be the economic 
choice. However in many practical applications factors other than costs 
play a decisive part in the final selection. This is particularly the 
case where the difference in cost between alternatives is small. 
In studying each of the solutions proposed for a particular problem 
the various costs incurred must first be estimated. Initially there 
will be a cost to cover the purchase, installation and erection of the 
power system plant. This cost, often referred to as the capital invest-
ment, which is incurred only once during the expected life of the system 
(assuming a simple system) leads in turn to costs that are incurred 
annually during the life of the system. These latter are referred to 
as capital (fixed) charges and consist of interest, depreciation (amort-
isation), taxes and insurance. Individual fixed charges may remain 
constant from year to year. Thus the initial capital investment leads 
to charges that have to be met annually. 
In addition to capital charges there are also annual operating 
costs to be met to cover for fuel expenditure, maintenance, supplies and 
admistrative expenses. The operating costs of a power system are 
generally variable in magnitude and largely depend on the amount of 
energy produced. For most plants (including the power station in 
Malta) fuel is the largest item of the annual operating costs. However 
this cost depends on the type of fuel (coal or oil), load factor,the 
thermal efficiency of the plant and the fuel price. 
In the evaluation of power system schemes, the various costs 
involved must be reduced to a basis upon which they can be compared 
for the alternatives. Various types of basis are used, the one selected 
depending on the variation of the periodic costs during the life of the 
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system and the ease with which the results can be interpreted. The 
"present worth" method is one of the most widely used for comparison of 
alternative schemes and for optimisation. Some of the methods of com-
parison and associated financial mathematics are discussed below. 
Present Worth of An Investment 
The amount accumulated at the end of a given period of years for a 
given sum invested now at interest compounded annually may be determined 
as follows. If 
P = principal, capital investment, or amount of loan at the 
beginning of the period, pounds (E) 
S = accumulated sum at end of period, pounds 
i = annual interest rate expressed as a decimal 
n = length of period, years 
Then, at the end of the first year sl = p + iP = P(l + i) 
at the end of second year s2 = P(l + i) + iP (1 + i) 
at the end of third year s3 = P(l + i) 2 +iP (l+i) 2 = 
From above it can thus be seen that at the end· of the nth year 
s = P(l + i)n from which 
p s = 
(l+i)n 
= P(l+i) 2 
p (l+i) 3 
Examples: To find the amount repaid by a utility (e.g. Enemalta) at the 
end of 15 years to the Government (or bank) for a loan of six million 
pounds (approximate cost for installation of a new 40 tf4 boiler at the 
proposed Marsaxlokk Station) at say 4% compounded annually will be 
n 6 15 6 
s = P(l+i) . = 6xlo xl.04 = 6xlo xl.Bol = El0,806,ooo 
Example 2: The present worth of one million pounds twenty years from now 
invested at 5% interest compounded annually is . 
s p = _...:::;__ 
(l+.L)n 
= 
106 
= 2.653 = 
In the case where interest is paid m times a year the expression for the 
accumulated sum is modified to 
S = P(l + !_)mn 
m 
If the rate of inflation is d% per annum (expressed as a fraction) 
then the present worth (value) of the investment is given 
P=S(l+i)-11 ; (l+d)-n orP= s 
( l+i+d+id) n 
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This implies that the effect of inflation is to increase the rate of 
-interest by (d+id). 
The present worth of an investment at the end of a given period of 
years for a series of investments (or loans) of equal magnitude made 
annually (annuities) at the end of each year over n years at i% per 
annum may be calculated as follows 
If A = annual investment (annuity) made at the end of each year 
for n years, then 
n-1 Accumulation of investment at end of first year is s 1 = A(l+i,) 
Accumulation of the investment at the end of second year 
n-2 
= S = A(l+i) 2 (n-1) th year Accumulation of the investment at the end of 
= sn-l =A (l+i) 
AccumuLation of the investment at the end of nth year = s = A 
n 
Hence total accumulation is 
s = s 1 + s 2 + ••• + sn 
· 2 n-1 
or S = A(l + (l+i) + (1+~ + ,,, + (l+i) 
Multiplying both sides by (l+i) gives 
(l+i) S = A (l+i) + (l+i) 2 + (l+i) 3 + • • • (l+i) n 
Subtracting the two equations from each other gives 
from which 
iS = A [!l+i)n-1] 
s = A ~l+~)n-1 J 
The annuity A required to yield a given sum S in a sinking fund may 
be obtained by transposing above equation to give 
The present worth of a series of constant annuities A may be derived from 
the relationship between the capital investment (principal) P and the 
accumulated sum s as follows 
Hence A may be interpreted as that constant annuity that may be purchased 
for n years by investing a capital P now at an interest rate of i. 
this, the present worth of the series of annuities is given by 
p =A [ 
1 -
From 
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Thus the annuity A may be interepreted as the annual end of the year 
payment required to repay the total amount P originally loaned plus the 
interest on it. 
It is to be noted that when A = 1, P becomes the acc~ulated total 
of an annual investment of 1 unit of capital for n years at i% per annum. 
This is termed as the present worth (value) coefficient and is a dimension-
less quantity which when multiplied by the annual investment gives the 
accumulated sum in the same unit as the annual investment. 
taken into account as was shown above, 
Inflation is 
In the case when an investment is not made annually but at a constant 
rate of every u years over a period of n years, the factor n/u being an 
integer, the present worth of the investment is given by 
P = A [1- (l+il-n] · 
(l+i)u -1 ]. 
Finally the amortisation (depreciation) rate 
percentage payment of a sum over the life of 
expression 
R defined as the annual 
D 
the plant is given by the 
The total repayment is therefore nR. Again if inflation is taken 
into account the total repayment ~ at the present value of the money 
invested is 
Annual Cost ofa.Reinforcement Scheme 
In power system reinforcement schemes and in particular power-
generation schemes minimum annual costs (optimisation) are achieved when 
a proper balance between fixed and operating costs is achieved. The basic 
method of comparing alternative schemes is to compare total annual costs. 
As plant is added the total capital investment increases and with it 
the annual fixed costs, which can be expressed by 
C =PR F 
where CF = annual fixed costs pounds 
R = fixed charge rate, expressed as a decimal 
P = capital investment, pounds 
A cost-benefit comparison indicates that whilst investment increases 
with efficiency, the benefit of such increase will be reflected in lower 
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fuel rates. The cost of labour required will however tend to remain the 
same with only a little increase as plant is added. The costs of super-
vision and operating supplies would probably remain constant but repair 
and maintenance costs could generally be considered as a function of the 
amount of energy involved or the fuel burned. If the above annual 
operating cost components are represented by c01 , c02 , c03 •• c~1 then the 
total of all these components Co is given by 
+ c 
oN 
Adding the annual fixed and operating costs at any given investment yields 
the characteristic of the total annual cost c. 
Thus C=C +Co F 
With highly efficient plants the fixed costs tend to be the major 
item whilst for cheaper inefficient plants operating costs are dominant. 
At some intermediate value of the capital investment, the total costs tend 
to a minimum, that is dC/dP = 0 and since C=CF+C0 then 
ne ~ + dCo- 0 from which dCo dCp = = dP dP err- CIF dP 
that is when the slopes of the operating and fixed cost curves become 
numerically equal but opposite in sign the point of minimum cost is 
achieved. 
For the above costs to be carried out it is necessary to have the 
following information available at hand 
1. Capital Charge factors including 
a) i = interest rate expressed as a rlecimal 
b) R0= Depreciation rate expressed as a decimal 
c) TI = Tax rate and insurance expressed as a decimal 
d) P = Unit Investment in E/MW installed 
u 
2. 
a) 
Operating charge factors which include 
F = fuel price in E/MJ (which requires a knowledge of fuel p 
calorific value) 
b) PLi = Loadings an plant during year (MW) (from load duration curve) 
c) Hi = Annual operating hours at above loadings (from load duration 
curve) 
d) CP = CPl + cp2 + cp3 + CPN = Total capacity of plant installed (sum 
of the capacities of individual units) 
e) 
f) 
B = Heat Input rates of prime movers (MJ/kWh) (from manufacturers) i 
C02 = Operating and Maintenance Labour Costs (no. of men x Annual 
Salary) 
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g) c02 = Supervision (Administrative Costs) (e.g. No. of men x Annual 
Salary) 
h) 
i) 
C = Cost of Maintenance Materials (spares) £/MWh 
o4 
C05 =Cost of supplies (water, oils, chemicals, tools, office 
materials) £ 
j) C06 = Cost of -s~pervision (administration) £ 
Given the above data,then the total annual cost of a new reinforce-
ment (or the cost of any one of a number of proposed alternatives may be 
determined as follows 
Capital Charge rate R = (i + ~ + TI) 
Annual Capital Charges CF = (Unit investment x Capacity x Capital 
Charge Rate) 
Hence CF = (PU X Cp X R) 
To estimate fuel costs the following relations must be determined 
between 
1. Net Unit Heat Rate Input (MJ/kWh) and Net Unit Output (kW) of the 
plant installed. This has to be available from manufacturers 
curves 
2. The plant loadings ;>I,L and durations Hi extracted from a load 
duration curve which must be derived from expected annual load 
duration curve. 
Then from a knowled~e of loading on each unit, and use of the heat 
rate input curves for the type of plant considered, the heat input rates 
B.. can be estimated. From the load duration curves PLi and Hi may be 
obtained. 
Plant Total Heat Input = U = (PLl X Hl X Bl + PL2 X H2 xB2 ••• + PLi X Hi. 
X Bi) MJ 
Hence Fuel Cost = c01 = U x FP 
Hence the Total Annual Costs C are obtained from C = CF + c0 
The above annual cost derivation assumed for a start that the loading 
on the plant will remain substantially constant with the years. However 
the most prevalent condition on a power system is certainly growth. 
Hence to meet the predicted load satisfactorily blocks of capacity will 
have to be well in advance of the minimum reserve needed. Again in this 
case the present worth concept is used to evaluate the total annual 
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costs expended during the life of the plant which if reduced to a sum 
investment now, would yield an annuity equal to the series of annual 
instalments. The usual interest rate is the measure of the cost of 
utilisation of money for the utility. 
If the tax rate on capital equipment = t R 
and if the insurance rate on the plant = iR 
Then C = CF + c0 = RP + C0 = [i + i n-l + tR + iR P + c0J (l+i) 
where c0 = (C 1 + C 2 + ••• + C ) 0 0 0. 
Hence the present worth PW of the series of expenditures C for n 
years can be written as 
p = p 
w [ 
(rR + iR) p + 
+ 
-n i/(1-(1-i) ) 
It is evident that the scheme with the lowest present worth gives 
the minimum overall expenditure over its life, rendering it on economic 
basis only, as the most desirable or the optimum plan. 
The above analysis indicates the general principles to be followed. 
However to implement these in practice needs, as noted, a considerable 
amount of information related not only to present costs but also to 
future trends over items such as for example interest rates. The imple-
mentation also depends to some extent on a knowledge of present and 
future accounting procedures which are influenced by economic forecasts 
and government policies. Hence if the analysis is to be worthwhile, then 
it can only be carried out when the investment decisions are made. 
Although the proposals presented in the main body of this report h·ave been 
taken into account the·investment implications ina generalised sense with 
the limited amount of information available1 it has not been proved realis-
tic to carry out actual cost-benefit analysis but the above indicates the 
method which would need to be followed. 
APPENDIX A2 
rr-EQUIVALENT MODEL OF A POWER TRANSFORMER 
The objective of this analysis is to transform the simplified approximate 
equivalent circuit model of the power transformer shown in Fig. 4.5 to 
the rr-equivalent model represented by Fig. 4.6. The n-equivalent circuit 
model of Fig. 4.6 may be derived by expressing the three admittance para-
meters Y1 , Y2 , and Y3 in terms of the parameters 
approximate model of Fig. 4.5. Hence referring 
Let V p = Primary voltage 
I = Primary current p 
vs = Secondary voltage 
Is = Secondary current 
a = Transformation ratio 
z 
e 
to 
ze = Re + j X = equivalent impedance e 
Then I vs -V a V 
I s and I p/a = = = p a s Ze a 
Hence 
vP - a V V V 
I s _L_ s = = p 2 
a
2
z 
az 
a ze e e 
and a of the actual 
Fig. 4. 5 
- V 
s p 
z 
e 
Rearranging the above equations in a more convenient form gives 
I l V l = --- V p 
a
2
z 
p az s 
e 
e 
I _l_v l = + V 
s az P z s 
e e 
Referring now to the model of Fig. 4.6 gives 
I = (Y + Y3) V - y V p p 3 s 
I = - y V + (Y2+Y3) V s 3 p s 
Now if the like coefficients of the two sets of equations are equated 
the values of yl' y2' and Y3 will be obtained in terms of z and a e 
2 Thus yl + y3 = 1/a z e 
y3 = 1/a z 
e 
y2 + y3 = 1/Ze 
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from which 
yl 
1 1 1 1 1) .!.(.!. - 1) 1 z = = 2 a a a ZR a z a z a z 
e e e 
y2 
1:. 1 1 (1 - .!.) 1 (a -1) 1 = = = z az z a a z e e e 
e 
1 
y3 = aZ 
e 
These equations combined with the n-equivalent circuit model of Fig. 4.6 
complete the model in its desired form as required for power flow analysis. 
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APPENDIX A3 
ANALYSIS OF DISTRIBUTOR WITH AN ADDED INTERNAL OR EXTERNAL INTERCONNECTOR 
The analysis of the generalised distributor carried out in Section 
4.4.1 is extended to study the effect of introducing an interconnector 
between 
a) any two of the distributor load nodes - (internal interconnector) 
b) any one of the distributor load nodes and an external voltage source 
(generation node) - (external interconnector) 
The problem is to determine the node voltages, section currents, 
power input and losses in the distributor and the current, power flow and 
losses in the interconnector. 
The solution is based on first deriving the Thevenin equivalent 
circuit of the distributor before the addition of the interconnector, 
making the nodes of the distributor from which the interconnector is to 
be supplied, the terminals of the Thevenin's equivalent circuit. Thus 
the distributor network is represented by a single equivalent generator 
of e.m.f. VOT and an impedance z0T. Hence if the interconnector having 
an impedance ZC is connected between the two nodes (or buses) of the 
distributor network between which there was, before the connection, a 
potential difference, v0T then the current that will flow in the 
impedance Zc is given by I = vOT/(ZOT + Zc) where ZOT is the impedance of 
the distributor network between the nodes specified and with all e.m.f.s 
(distributor end voltages) assumed to be zero. 
The first problem to be solved is to compute VOT and zoT. An 
expression for the voltage Vk at any distributor node k was derived in 
the analysis carried out in Section 4.4.1. The voltage VOT may be 
determined from a knm•ledge of the node vel tages existing before the 
connection of the interconnector which are given by 
n· 
= V - E . (I -A k=l sl 
••• (Chap.4 Equation 11) 
Hence the Thevenin voltage source equivalent v0T can be evaluated by 
computing vk at the desired node k1 or simply by running the computer 
programme GIND3. 
As regards the evaluation of the Thevenin's equivalent impedance 
of the distributor, the method adopted was to replace the distributor 
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and supply voltages by a short circuit and then compute its impedance 
looking into the terminals (nodes} specified. The computer programme 
GIND3 was therefore extended to calculate the impedance ZOT. 
The next step is to analyse separately the two cases stated above. 
a} Addition of an Interconnector Between Any Two Distributor Nodes 
(Internal Interconnector} 
Referring to Fig. A3.1 
Let z sl' zs2 z be the impedances of the distributor sections sn 
ZLl, ZL2 z Ln-1 be the impedances of the loads 
zc be the impedance of the inter connector 
Assuming that the interconnector is to be inserted between the 
distributor nodes G and H, then before the interconnector insertion, 
the Thevenin equivalent source voltage VOT is given by the equation 
VOT = (VG - VH} where VG and VH are the voltages at nodes G and H of the 
distributor. The voltages VG and VH are obtainable from equation(A) 
derived in Section 4.4.1. 
The next step is to calculate the Thevenin equivalent impedance of 
the distributor ZOT (before insertion of the interconnector} which can 
be obtained by short circuiting the end supply voltage sources VA and Vz 
and then calculating the impedance of the distributor as measured from 
nodes G and H. For a distributor with many loads the calculation is 
tedious bnt it can be simplified considerably by assuming that the 
shunting effect of the load impedances upon the value of z0T is very 
small. This assumption is in general justified since in practice 
Zs << ZL (typically ZL~ 15 Zs}, and as it has also been discussed in 
Section 4.3, the degree of accuracy of cable and line parameters is only 
about !s% to !10%. Thus, ignoring the shunting effect of the load 
impedances (assuming ZLl' zL2 •• ; ZLn-l + ~> the approximate Thevenin 
equivalent impedance of the distributor ZOT is calculated as follows 
Equivalent impedance between nodes G and A = ZAG = z sl+Zs2+ ... z sg 
Equivalent impedance between nodes G and H = ZGH = z sg+l +Zsg+2+. • • + zh 
Equivalent impedance between riodes H and z = ZHZ = zsh+l+Zh+2+Zsn 
The equivalent impedance of the combination ZAG' zGH and ZHZ is given by 
= ZGH(ZAG + ZHZ} 
ZAG+ZGH+ZHZ 
The current flow in the interconnector Ic can then be obtaine>d from 
A 
A 
ZAG 
Fig. A3.1 
Fig. A3.2 
v+l z 
_g_ vh-1 .H l1H 
z 
sh-1 zsh z sh+l 
ZL2 ZLg+l ZLh-1 ZLh 
G H 
'YV' 8 ZGH ZHZ ZGH (ZAG + ZJ!..Zl y 
Analysis of generalised distibutor with an internal interconnector included 
V 
e-1 
z Le 
E' 
V 
ZLe+l 
Analysis of generalised distributor with an external interconnector included 
V 
n-2 
z 
sn-1 
ZLn-2 
~ ~ 
z 
3 
V 'V 
u 
I 
N 
... 
"' I 
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= = 
Having determined the interconnector current IC it is then possible to 
calculate the new node voltages and section currents by repeating the 
calculation as carried out in Section 4.4.1 but with the original load 
currents IG and IH substituted by 
= = 
The above analysis was used as a basis to extend the computer 
programme GIND3 to calculate the node voltages and section currents 
power flows and losses in both the distributor and the interconnector 
circuits. When running the programme, the extra input data required 
is to specify the parameters of the interconnector and the two distribu-
tor nodes to which the interconnector will be connected. A flow 
diagram giving the main steps of the distributor algorithm, which 
includes for the addition of both internal and external interconnectors 
is presented in Appendix A4.A. 
listed in Appendix A.4B. 
The corresponding computer programme is 
b) Addition of an Interconnector Between One Distributor Load Node 
and an External•Voltage Source (External Interconnector) 
Referring to Fig. A3.2. 
Assuming that the interconnector is to be inserted between any one 
load node E of the distributor and an external voltage source (generator 
node) v0 of negligible impedance then before the insertion of the inter-
connector the Thevenin equivalent source voltage VOT is simply the 
voltage VE atnode E. (that is VOT = VE) which can be evaluated from 
equation (A) derived in Section 4.4.1. 
The next step is to calculate the Thevenin equivalent impedance of 
the distributor ZOT (prior to the insertion of the interconnector) , 
which can be obtained by short circuiting the end supply voltage sources 
VA and Vz and then calculating the impedance of the distributor as seen 
from node E (or rather from points E,E'), This can be accomplished by 
first evaluating the impedance between points A and E, ZAE and then the 
impedance between points E and z, ZEZ (looking into terminals EE'). The 
distributor equivalent impedance ZOT is then equal to the parallel comb-
bination of ZAE and ZEz' 
Thus if zsl' zs2 
ZLl' ZL2 
zc 
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z are the impedances of the distributor sections 
sn 
ZLn-l are the impedances of the loads 
is the impedance of the interconnector 
Referring to Fig. A3.2 and considering the impedance between points A 
and E, then, with voltage source VA replaced by a short circuit. 
Impedance of parallel combination zsl and ZLl is zpl = (Zsl.zLl)/(Zsl+ZLl) 
Impedance of.series combination zpl and zs2 is zcl = zpl + zs2 
Impedance of parallel combination zcl and ZL2 is zp2 = (Zcl.ZL2)/(Zcl+ZL2) 
Impedance of series combination zp2 and zs3 is zc2 = z 2 + z 3 
. p s 
The calculation is continued until point (node) E is reached, to give 
ZAE = = (Z l.ZL )/(Z l+ZL ) se- e se- e 
Considering next the impedance between points z and E, with voltage 
source Vz replaced by a short circuit, then 
Impedance of parallel combination 
Impedance of series combination 
zsk and zLk-1 is zPk = (Zsk.zlKl)/ 
(Zsk+ZLk-1) 
zpk-1 and zsk-1 is zck-1~= zpk-1 
+ zsk-1 
The calculation is continued until point (node) E is reached to give 
= z + z pe+l se+l 
The Thevenin equivalent impedance of all the distributor is given by 
= 
Again the calculation could have been simplified by ignoring the shunting 
effect of the load impedances (that is assuming zLk, zL2 ••• ZLk-l+ ~) and 
then compute the approximate value of ZOTas follows 
Series impedance between A ac,d E = ZAE = Zsl + zs2 + 
Series impedance of sections between E and Z = ZEZ = 
• . . z 
se 
z + 
se+l 
The Thevenin equivalent impedance z0T is then given by 
ZOT = (ZAE.ZEZ)/(ZAE+ZEZ) 
z + 
se+2 •• 'z 
Finally the current flow in the interconnector I can be obtained from 
c 
I 
c 
= 
sn 
Having determined the interconnector current re then it is possible to 
calculate the new node voltage and section currents (i.e. with the inter-
connector inGluded) in the distributor by repeating the calculation as 
carried out in Section 4.4.1 but with the original load current IE 
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replaced by 
= 
The above analysis was used as a basis to extend the computer 
programme GIND 3 to calculate the node voltages, section currents, 
power flows and losses in the distributor and the current and power 
flows in the-external interconnector. The additional input data 
required is to specify the impedance of the interconnector, the node 
of the distributor to which one and of the interconnector is connected 
and the voltage of the source (or generation node) from which the other 
end of the interconnector is to be supplied, A flow diagram giving 
the main steps of the generalised distributor algorithm which includes 
for the addition of both internal and external interconnectors is 
presented in Appendix A.4A whilst the corresponding computer programme 
GIND3 is listed in Appendix A.4B, 
APPENDIX A., 4A 
FLOW CHART FOR GENERALISED DISTRIBUTOR ALGORITHM 
INITIALISE BUS 
VOLTAGES 
VPQ(K) • VA 
TIE-LINE 
COMPytATION 
INPUT INTCOfl,, 
a; x, L 
INT EXT 
END 
APPENDIX A.4A Flow chart for generalised distributor algorithm (continued) 
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APPENDIX A. 4B 
rnMPUI'ER PRIX>RAM!£ (GIND 3) FOR GENERALISED DISTRIBUl'OR ANI\LYSIS 
10 PRINI' "PROGRAM (GIND3) FOR J\NALYSIS J\ND DESIGN OF 3 PHASE GENERALISED 
ELECI'RICAL POWER DISTRIBUI'OR PLUS OPI'IONAL ~R WITH I.DAD 
PF JINGLES SPECIFIED WITH REFERENCE TO '!HEIR RESPECI'IVE BUS VOLTAGES 
": PRINT 
20 REM J.A. l\GIUS 16 MMCH 1984:REl1 U>ING APPLE 11 MICRO COMPUI'ER 
30 PRINI' "SELEcr TYPE OF SYSTEM TO BE ANI\LYSED": PRI!:iri' : PRINI' "l.RING M 
AIN DISTRIBUTOR ffiD Kr rorH ENr:S (RG)": PRINI' "2.RADIAL Disr 
RIBUTOR FED KrONE END (RA)": PRINI' n3.~R L 
INKING 'lW) VOLTAGE SOURCES (IC)": PRINI' 
35 INPUI' "TYPE RG OR RA OR IC ";T$: PRI!:iri' 
40 IF T$ = nRG" '!HEN PRINl' : PRINl' "RING MIUN DlsrRIBUTOR SYsrEM": PRINl' 
: IF T$ = "RA" THEN PRINl' : PRINI' "RADIAL DISTRIBUTOR SYSTEM": PRI!:iri' 
: IF T$ = "IC" '!HEN PRINl' "~R SYSTEM": PRINl' 
45 IF T$ = "IC" 'IlfEN 001'0 60 
50 INPUl' "N:>.OF BUSES OR SUBSTATICNS OR I..OAD NCOES l.B = ";LB: PRINl' 
60 INPUl' "REAL PARI' OF LINE VOLTJ\GE Kr END A=" ;AIJ 
70 INPUl' "QUAD PARI' OF LINE VOLTJ\GE Kr END A=" ;NN 
80 INPUI' "PERCENI' TAP RATIO OF XM;:R Kr END A=" ;'I' ... : PRI!:iri' 
90 IF T$100 INPUl' "REAL PARI' OF LINE VOir:'AGE Kr END Z=" ;ZU 
110 INPUl' "QUAD PARI' OF LINE VOLTJ\GE Kr END Z=" ; ZW 
120 INPUl' "PERCENI' TAP RATIO OF XMER Kr END Z=" ;T2: PRINT 
125 UAttrl I 100)) I SQR (3) :WA = NN I SQR (3) :UZ = zu * (1 
+ (T2 I lJ..l)) I SQR (3):WZ = zw I SQR (3) 
130 IF T$ = "IC" THEN 001'0 2900 
135 IF T$ = "RA" '!HEN UZ = UA:WZ = WA 
140 N = LB + 2 
150 DIM N(N) ,R(N} ,X(N} ,L(N) ,F(N) ,S(N} ,I(N} ,P(N), Z(N) ,SN(N) ,TN(N}, IP(N), I 
Q(N), ZP(N), ZQ(N), V(N}, VP(N), VQ(N), VX(N), VY(N) ,DP(N) ,DQ(N} ,CL(N) 
160 DIM RS(N),XS(N},RT(N),XT(N),ZT(N),JA(N),JB(N),JP(N},JQ(N},J(N) 
162 DIM AN(N}.FI(N) ,FR(N) ,DT(N) 
165 DIM EP(N) ,EQ(N), IL(N) ,PL(N} ,ZL(N) ,RO(N) ,XO(N) ,RA(N) ,XA(N} ,RV(N} ,XV(N 
) ,RD(N) ,XD(N) ,ZD(N) ,RB(N) ,XB(N) 
170 PRINT "ENI'ER PARAMETERS OF DlsrRIBUI'OR SEcriCNS (R,X,L)": PRINl' 
175 FORK= 1 TON- 1 
180 PRINl' "DisrRIBUI'OR SEcriCN N:>." ;K: IF T$ = "RA" J\ND K = N - 2 '!HEN PRINl' 
"(END SECI'ICN)" 
185 IF T$ = "RG" J\ND K = N- 1 '!HEN PRINl' "(END SECI'ICN)" 
190 IF T$ = "RA" J\ND K = N - 1 '!HEN R(N - 1) = 1000000:X(N - 1) = 100000 
O:L(N - 1) = 100: 001'0 220 
200 INPUT "R (OOMIKM) = ";R(K): INPUl' "X (OOM/KM) = ";X(K): INPUI' "L 
(KM) = ";L(K): PRINI' 
210 NEXT K 
220 PRINl' "ENI'ER I..OAD POWER F7\Cl'ORS ( IWF) J\ND SIGN OF I..OAD PF ( SGN) " : PRINl' 
"FOR INDUCI'IVE I.DADS LET SGN = 1": PRINI' "FOR CAPACITIVE I.DADS LET 
SGN ~1" :. PRINT 
225 PRINl' 
230 FORK=1TON-2 
240 PRINl' "IDAD BUS N:>.";K: IF K = N- 2 '!HEN PRINT "(END BUS) 
250 INPUl' "PWF = ";FI(K}: INPUl' "sa;J = ";S(K): PRINl' 
260 NEXT K 
270 PRINl' "Wl'E": PRINl' "FOR A C1JRRENl' I..OAD ENl'ER CU": PRINT "FOR 
A POWER I.DAD EN1'ER PO" : PRI!:iri' "FOR J\N IM>EDJ\NCE I.DAD ENTER 
IM": PRINl' 
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280 FORK=1'ION-2 
290 PRINl' "UlAD BUS NO.";K: IF K = N- 2 THEN PRINl' "(END BUS) 
300 INPUl' "TYPE OF UlAD ( aJ, PO, IM) = " ;A$ 
310 IF A$ = "QJ" THEN INPUl' "Uli\D aJRRENl' PER J?fli\SE (AMPS) = ";IL(K) 
320 IF A$ = "PO" THEN INPUl' "TCII'AL LOAD I'CMER (I<W) = ":PL(K) 
330 IF A$ = "IM" THEN INPUl' "Uli\D PHASEINIDI'.IM?EDANCE(OOM)= ";ZL(K) 
335 PRINl' 
340 NEXT K 
400 REM ·ro1PUTE DISTRIBl1IOR SEX::l'ICN IMPED1\NCES 
410 RT(K) = O:XT(K) = O:ZT(K) = 0 
420 FOR K = N - 1 'IO 1 STEP - 1 
430 RS(K) = R(K) * L(K):XS(K) = X(K) * L(K) 
440 RT(K) = Rl'(K + 1) + RS(K) :XT(K) = XT(K + 1) + XS(K) 
450 ZT(1) = SQR (RT(1) * RT(1) + XT(1) * XT(1)) 
460 NEXT K 
465 PRINl' 
470 INPUl' "IS DISTRIBl1IOR SYSTEM LINKED BY AN ~R? (YSINO) 
":C$ 
475 IF C$ = "YS" THEN OC\SUB 3450 
400 REM INITIALIZE BUS VOLTJ\GE VALUES 
490 FORK=1'ION-2 
500 VP(K) = UA:VQ(K) = WA 
510 NEXT K 
520 REM srARr ITERATICN LOOP 
530 FOR K = 1 'IO N - 2 
540 V(K) = SQR (VP(K) * VP(K) + VQ(K) * VQ(K)) 
550 NEXT K 
560 REM ro1PUTE CDS,SIN AND TAN OF PF .1\NGLE WRl' UlAD BUS WK:ERNED 
570 FOR K = 1 'IO N - 2 
575 IF FI(K) = 0 THEN FR(K) = - 1.5707963: GOTO 590 
580 FR(K) = - S(K) * ATN ( SQR (1 - FI(K) * FI(K)) I FI(K)) 
590 Dl'(K) = ATN (VQ(K) I VP(K)) :AA = ATN (WA I UA) 
600 AN(K) = - AA + FR(K) + IYI'(K) :SN(K) = SIN (AN(K)) :F(K) = CXlS (AN(K) 
) 
610 NEXT K 
620 REM ro1PUTE REAL AND OOAD ro1PCNENI'S OF l.OI'IDS 
630 FORK=1'ION-2 
640 IF PL(K) < > 0 THEN I(K) = (PL(K) * 1000) I (3 * V(K) * FI(K)) 
650 IF ZL(K) < > 0 THEN I(K) = V(K) I ZL(K) 
655 IF IL(K) < > 0 THEN I(K) = IL(K) 
660 NEXl' K 
665 FORK=1'ION-2 
667 IP(K) = I(K) * F(K):IQ(K) = I(K) * SN(K) 
670 NEXT K 
680 IP(E) = IP(E) - CX:IQ(E) = IQ(E) - CY 
690 IP(G) = IP(G) + CX:IQ(G) = IQ(G) + CY:IP(H) = IP(H) - CX:IQ(H) = IQ(H 
) - CY 
705 REM ro1PUTE SUM OF VOLT DROP M:lMENI'S 
710 foP = O:MJ = 0 
720 FORK=1'ION-2 
730 MP = MP + IP(K) * RT(K + 1) + IQ(K) * )IT(K + 1) 
740 m = m + IP(K) * XT(K + 1) - IQ(K) * RT(K + 1) 
750 NEXT K 
760 1\P = UA - UZ + MP:AQ = WA - WZ + m 
770 REM <X>ME'Ul'E SEX:l'ICN CURRENT CD~ Kr END A 
780 JX = (1\P * Rl'(1) + AQ * )IT(1)) I (ZT(1) * ZT(1)) 
790 JY = (1\P * XT(1) - AQ * RT(l)) I (ZT(1) * ZT(1)) 
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840 REM cr:MVl'E ALL SEX:I'ICN ClJRRENl' CXlMPCNENl'S 
860 R>RK=1'ION-1 
870 JA(K) = JA(K - 1) + IP(K) 
880 JB(K) = JB(K - 1) + IQ(K) 
890 JP(K) = JX - JA(K - 1) 
900 JQ(K) = JY - JB(K - 1) 
930 NElcr' K 
950 REM <XlMi'l1l'E SEX:I'ICN VOLT DROPS AND '1\PPROXIMI'\TED BUS VOLTJ\GES 
960 R>RK=1'ION-2 
970 DP(K) = DP(K- 1) + (JP(K) * RS(K) - JQ(K) * XS(K)) 
980 DQ(K) = DQ(K - 1) + JP(K) * XS(K) + JQ(K) * RS(K) 
990 VX(K) = UA - DP(K) :VY(K) = WA - DQ(K) 
1000 NElcr' K 
1015 PRINI' "ex=" :ex, "CY=" ;CY 
1020 R>R K = 1 'IO N - 2 
1025 IF T$ = "RA" 'lHEN 001'0 1040 
1030 IF VX(K) = VP(K) AND VY(K) = VQ(K) 'lHEN 1210 
1040 IF ABS (VP(K) - VX(K)) < 0.001 AND ABS (VQ(K) - VY(K)) < 0.001 'lHEN 
1210 
1060 NEla' K 
1080 FORK=1'ION-2 
1120 VP(K) = VX(K) 
1130 VQ(K) = VY(K) 
1150 NEla' K 
1200 001'0 520 
1210 IF C$' OR IC < > 0 'lHEN 001'0 1300 
1215 IF L$ = "SS" 'lHEN ex = ( (UR - VX(E) l * RR + (UQ - VY(E) l * XX) I (z 
z * ZZ) :CY = ( (UQ - VY(E)) * RR - (UR - VX(E)) * XX) I (ZZ * ZZ) 
1216 IF L$ = "BB" 'lHEN ex = ( (VX(G) - VX(H)) * R8 + (VY(G) - VY(H)) * X8 ) I (Z8 * Z8) :CY = ( (VY(G) - VY(H)) * R8 - (VX(G) - VX(H)) * XS) I ( 
Z8 * z8) 
1218 IC = S(R (CX * ex + CY * CY) 
1220 IF L$ = "BB" 'lHEN 'lB = VX(G) :TC = VY(G) :TM = VX(H) :'IN = VY(K) :TG = 
SQR ('IB * 'lB + TC * TC) :'IH = SQR ('I'M * TM + 'IN * 'IN) 
1250 IF L$ = "SS" 'lHEN TP = VX(E) :TQ = VY(E) :TE = S(R (TP * TP + 'IQ * T 
Q) 
1280 001'0 520 
1300 REM cr:MVl'E EX1\Cl' IJJS VOLTJ\GES 
1310 VA = SQR (UA * UA + WA * WA) :VZ = SQR (UZ * UZ + WZ * WZ) 
1320 PRINI' : IF C$ = "YS" '!HEN PRINI' "SYSTEM PERFORMANCE WITH IN'l'ERCCNN 
ECTOR INCLUDED" 
1330 PRINI' : PRINI' "END AND IJJS LINE VOLTJ\GES (VOLTS)" 
1340 PRINI' "VA =": INI' (VA * ~ ( 3) * 10 + 0.5) I 10 
1345 PRINI' "VPA=" ;All, "~=" ;AW 
1350 FOR K = 1 'IO N - 2 
1360 V(K) = ~ (VX(K) * VX(K) + VY(K) * VY(K)) 
1370 PRINI' "V'':K:" =": 1Nl' (V(K) * SQR (3) * 10 + 0.5) I 10 
1375 PRINI' "VP" :K:"=": 1Nl' (VX(K) * S(R (3) * 10 + 0.5) I 10, ''VQ" :K:"=" 
: 1Nl' (VY(K) * ~ (3) * 10 + 0.5) I 10 
1380 NEla' K 
1390 IF T$ = "RA" 'lHEN 001'0 1410 
1400 PRINI' "VZ =" : INI' (VZ * SQR ( 3) * 10 + 0. 5) I 10 
1405 PRINI' "VPZ=" ;ZU, "VQZ=" ;'llli 
1410 REM O)MPUI'E EXACl' SEX:l'ICN CURRENl'S 
1420 IF C$ = "I'D" 'lHEN PRINI' : PRINT "DISTRIBIJI'OR SECTICN ClJRRENl'S (AMP 
ERES)" 
1430 IF C$ = "YS" 'lHEN PRINT : PRINT "DISTRIBIJI'OR SEX:I'ICN AND INTERCCNN 
ECTOR aJRRENl'S (AMPERES)" 
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1440 FOR K = 1 TO N - 1 
1450 J(K) = ~ (JP(K) * JP(K) + JQ(K) * JQ(K)) 
1455 IF T$ = "RA" AND K = N - 1 'll!EN ooro 1470 
1460 PRINT "IS" ;K;"="; INT (J(K) * 100 + 0.5) I 100 
1470 NEXT K 
1473 IF PL(E) < > 0 'll!EN CX: = ((UR - VX(E)) * RL + (UQ - VY(E)) * XL) I 
(ZL * ZL):CY' = ((UQ- VY(E)) * RL- (UR- VX(E)) *XL) I (ZL * ZL):I 
c = ~ (CX: * ex: + CY' * CY') 
1475 IF C$ = "YS" 'll!EN PRINI' : PRINT "INl'ERCXl:<NECIR CURRENT(AMPS)": PRINI' 
"IC = "; INT (IC * 100 + 0.5) I 100 
1480 IF L$ = "SS" 'll!EN IP(E) = IP(E) + CX::IQ(E) = IQ(E) + CY' 
1490 IF L$ = "BB" 'll!EN IP(G) = IP(G) - CX::IQ(G) = IQ(G) - CY':IP(H) = IP( 
H) + CX::IQ(H) = IQ(H) + CY' 
1500 IF C$ = "00" 'll!EN PRINl' : PRINI' "lOAD CURRENl'S (AMPERES)" 
1505 IF C$ = "YS" 'll!EN PRINT : PRINT "LOAD CURRENI'S WI'IH IN'I'ERO:tlNEX:R 
INCLUDED" 
1510 FOR K = 1 TO N - 2 
1520 I(K) = ~ (IP(K) * IP(K) + IQ(K) * IQ(K)) 
1530 PRINT "I";K;"="; INT (I(K) * 100 + 0.5) I 100 
1540 NEXT K 
1550 PRINT : PRINT "LOAD i'Q'IERS (KW)" 
1560 FOR K = 1 TO N - 2 
1570 P(K) = V(K) * I(K) * FI(K) 
1580 PRINT "P";K;"="; INT (3 * P(K) * 0.1 + 0.5) I 100 
1590 NEXT K 
1600 PRINT : PRINT "lOAD IMPEDI\NCES ( ClHM3 ) " · 
1610 FOR K = 1 TO N - 2 
1620 Z(K) = V(K) I I(K) 
1630 PRINT "Z" ;K;"="; INT (Z(K) * 100 + 0.5) I 100 
1640 NEXT K 
1645 PRINT 
1650 REM <n1PUl'E INIUr AND cm'PUl' KW,KVAR 1\ND INA 
1655 PO = O:QD = 0 
1660 FORK=lTON-2 
1665 PO = PO+ P(K) :00 = 00 + (V(K) * I(K) * ~ (1 - FI(K) * FI(K)) * S 
(K)):OO = S<:R (PO* PO+ QD * QD) 
1670 NEXT K 
1675 LX = O:OX = 0 
1680 roR K = 1 TO N - 1 
1690 LX = LX + (J(K) * J(K) * RS(K)) 
1695 OX= OX+ (J(K) * J(K) * XS(K)) 
1700 NEXT K 
1710 PA = UA * JP( 1) + WA * JQ(1) :QI\ = WA * JP( 1) - UA * JQ(l) :SA = VA * 
J(1) 
1715 PZ = - (UZ * JP(N- 1) + WA * JQ(N- 1)):QZ = UZ * JQ(N- 1) - WZ * 
JP(N- 1):SZ = VZ * J(N- 1) 
1720 PRINT "R:JWER INIUl'S 1\ND R:lWER F1\CTORS Kr DISTRIBUTOR ENDS" 
1750 PRINT "PA = "; INr (3 * PA * 0.1 + o.5) 1 100;" I<W'' 
1760 PRINT "QI\ = "; IN!' (3 * Ql\ * 0.1 + 0.5) I 100;" KVAR" 
1770 PRINT "SA="; INT (3 *SA* 0.1 + 0.5) I 100;" INA" 
1772 IF UA = 0 OR JP(l) = 0 '!HEN 1780 
1775 m = ros ( ATN (WA 1 UA) - ATN (JO(l) I JP(1)) > 
1778 PRINT "m = "; INr (FA * 1000 + 0.5) I 1000 
1780 PRINT : IF T$ = "RA" 'll!EN 1815 
1790 PRINT "PZ = "; INT (3 * PZ * 0.1 + 0.5) I 100;" KW" 
1800 PRINT "QZ = "; INT ( 3 * QZ * 0.1 + 0. 5) I lOO;" KVAR" 
1810 PRINT "SZ = "; INT (3 * sz * 0.1 +I 100;" INA" 
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1812 IF UZ = 0 OR JP(N - 1) = 0 'ffiEN 1815 
1813 FZ = cos ( A'IN (WZ I UZ) - A'IN (JQ(N - 1) I JP(N - 1))) 
1814 PRINl' "FZ = ": JNI'. (FZ * 1000 + 0.5) I 1000 
1815 IF C$ = "YS" 'ffiEN OOSUB 5700 
1820 PRINI' : PRINI' '"IOI'AL INPUT AND CX1I'PUT POWERS" 
1823 PI = PO + LX:QI = QO + QX:SI = SQR (PI * PI + QI * QI) 
1825 IF L$ = "SS" 'lllEN PI = PO + LX:QI = QO + QX:SI = SQR (PI * PI + QI 
* QI) . 
1830 PRINl' "PI = ": JNl' ( 3 * PI * 0.1 + 0.5) I 100:" KW" 
1840 PRINl' "QI = ": IN!' ( 3 * QI * 0 } 100:" KVAR" 
1Nl' (3 * SI * 0.1 + 0.5) I lOO:" KVA" 
1860 PRINI' 
1920 PRINI' "PO=": JNl' (3 *PO* 0.1 + 0.5) I 100:" KW" 
1930 PRINI' "QO = ": IN!' (3 * QO * 0.1 + 0.5) I 100:" KVAR" 
1940 PRINI' "00 = ": INT (3 *so* 0.1 + 0.5) I 100:" KVA" 
1960 PRINl' : PRINI' "SYSTEM IDSSES AND EFFICIENCY'' 
2000 LS = 0 
2005 LS = LX + PX 
2010 PRINI' "SYSnM TOI'AL POWER IDSS = ": INT (3 * LS * 0.1 + 0.5) I lOO: 
"KW" 
2020 PRINI' "PERCENI'AGE POWER LCSSES = ": INT ((LS I PI) * 10000 + 0.5) I 
lOO:" %" 
2030 PRINI' "'ml\NSMISSICN EFFICIEOCY" = " : 1Nl' ( ( (PI - LS) I PI) * 10000 + 
0.5) I lOO:" %" 
2040 IF C$ = "YS" 'lllEN PRINI' "~R LOOS = ": INl' (3 * PX * 
0.1 + 0.5) I lOO:" I<W" 
2130 IF T$ = "RA" 'lllEN 001'0 2160: IF UA = 0 OR UZ = 0 'ffiEN 001'0 2200 
2140 'm = ( A'IN (WA I UA) + ATN (WZ I UZ)) * 57.29578 
. 2150 PRINI' : PRIN1' "'ml\NSMISSICN ANGLES" 
2160 PRINI' "TA z = ": IN!' (-:m * 100 + o. s) 1 100:" oro." 
2170 FORK=lTON-2 
2180 IF UA < > 0 AND VX(K) < > 0 'ffiEN PRINI' "":m ":K:" = ": INl' (( ( A'IN 
(WA 1 UA)) + A'IN (VY(K) 1 VX(K))) * 5729.587 + o.s) 1 lOO:" oro." 
2190 NEXT K 
2195 PRINI' : PRINl' 
2197 IF C$ = "YS" 'lllEN o::JSUB 5840 
2200 PRINI' "WI\Nl' TO TEST IF BUS VOLTJ\GES AND SEX:I'ICN ClJRRENl'S ARE WITHIN 
J\I.oi.£WoBLE LIMITS ? (YSIOO} ": 
2201 INPUT B$ 
2203 IF B$ = "YS" 'lllEN 2210 
2205. IF B$ = "00" THEN 2780 
2210 REM :ANALYSIS OF CDNDITICNS 
2215 PRINl' : PRINI' "BUS VOLTAGE ANALYSIS": PRINT 
2220 INPlll' "ENI'ER MI\X.ALI.CM.PERCENI'.VOLT DROP = ":ID:LV = (1 - (ID I 100 ) ) * VA: PRINl' 
2230 INPUT "ENI'ER MI\X ALI.CM.PERCENI'.VOLT RISE= ":MR:HV = (1 + (Mt I 100 ) ) * VA: PRINl' 
2260 FORK=lTON-2 
2280 IF V(K)<LV'mEN PRINI' "N:l." :K:" BUS VOLTAGE IS BEl.O'l ALIDWED LIM 
IT" : PRINI' 
2300 IF V(K) > HV THEN PRINI' "OO.":K:" BUS VOLTAGE IS M!OVE ALIDWED LIM 
IT": PRINT 
2310 NEXT K 
2320 REM IDENI'IFY BUS WI'IH LOWEST VOLTAGE 
2330 vr = V(1) :VL = 1 
2340 FORK=l-2 
2360 IF vr < = V(K) 'ffiEN 001'0 2400 
2380 vr = V(K) :VL = K 
2400 NEXl' K 
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2460 . PRINI' "LOWEST WS WLT.l\GE IN SYSTEM IS V'' :VL: "= ": INl' ( SQR ( 3) * 
vr * 10 + o.5) • 0.1:" V'' 
2500 REM <XMUTE WLT.l\GE REGUIATIOO Nr LOWEST WLTJ\GE BUS 
2520 oo = ((VA - vr> 1 VA) * 100 
2540 PRINI' "WLTJ\GE REGUlATION = ": INl' (RG * 100 + 0. 5) * 
0.01:" %" 
2560 PRINI' 
2600 REM ANALYSE SECI'ION <lJRRENT <XNDITIOOS 
2620 PRINI' "TEST FOR OVERLOADitl; OF DISTRIBUI'OR SECTIONS" 
2630 PRINI' 
2640 FOR K = 1 'ID N - 1 
2650 IF T$ = "RA" AND K = N - 1 'lliEN ooro 2740 
2660 PRINI' "SECTION NO." ;K 
2700 INfUl' "ENTER MI\X. 1\I.[&. ClJRRENl' : IMAX = " :CL ( K) 
2720 IF J(K) > CL(K) THEN PRINI' "OOI'E:DIST SECTION NO.":K:" IS OJERLOAD 
EO" 
2740 PRINI' 
2750 NEXl' K 
2780 REM :END OF TEST 
2790 PRINI' : PRINI' : PRINT 
2800 INruT "WANT 'ID RE-IUN PROGRI\M U3~ IDTil OlD VAllJES OF I.Ol\DS AND SE 
crioo PAIW£TER'>) (YS/ro) ":Q$ 
2805 IF Q$ = "YS" '!HEN OOl'O 2840 
2810 PRINI' : PRINI' : INfUl' "WANT 'IO RE-IUN PROGRAM U3~ OID VAllJES OF S 
ECTION PARAI-El'ERS BUI' NEW LOAD VALUES ? (YS/1:'0) ":P$ 
2815 PRINI' : PRINT 
2830 IF P$ = "NO" THEN 5980 
2840 REM ZERO I(N),P(N),Z(N),FI(N),S(N)ARRAYS 
2850 FORK=1'ION-1 
2852 IF P$ = "YS" OR Q$ = "YS" THEN V(K) = O:VP{K) = O:VQ{K) = O:I(K) = 
O:IP(K) = O:IQ(K) = O:PL(K) = O:ZL{K) = O:VX(K} = O:VY(K) = O:FI(K) = 
O:FR(K) = O:S(K) = O:JX = O:JY = O:CX = O:CY = O:IC = O:U1 = O:U2 = 
O:RC = O:XC = O:lC = 0 
2857 IF Q$ = "YS" OR P$ = "YS" 'lHEN EP(K) = O:EXJ(K) = 0 
2870 NEla' K 
2880 IF Q$ = "YS" '!HEN PRINI' : PRINI' PRINI' "********* RE-IUN OF PROGR 
AM **********": PRINI' : 001'0 465 
2890 IF P$ = "YS" '!HEN PRINI' : PRINI' PRINI' "********* RE-IUN OF PROGR 
AM **********" : PRINI' : 001'0 220 
2900 REM INl'ER<nNNECI'OR o:x-1PUTATICN 
2980 PRINI' 
3000 INfUl' "RI (OHM/KM) = ":RI: INruT "XI (OHM/KM) = ":XI: INruT "LI 
c(KM) = ":LI: PRINI' 
3010 VA = SQR (UA * UA + WA * WA) :VZ = SQR (UZ * UZ + WZ * WZ) 
3020 RO =RI * LI:ID =XI * LI:W = S~ (RO * RO +ID* ID) 
3030 IP = {{UA - UZ) * RO + (WA - WZ) * XO) I (20 * ZO) 
3040 IQ= ((WA- WZ) * RO - {UA- UZ) * ID) I (W * ZO) 
3050 IS = SQR (IP * IP + IQ * IQ) 
3060VD=IS*W 
3070 PA = (UA * IP + WA * IQ) :QI\ = (WA * IP - UA * IQ) :SA = SQR (PA * PA 
+ Ql\ * Ql\) 
3080 PZ = (UZ * IP + WZ * IQ):QZ = (WZ * IP- UZ * IQ):SZ = SQR (PZ * PZ 
+ QZ * QZ) 
3090ID=IS*IS*RO 
3100 'm = ((PA - ID) I PA) * 100 
3110 TA= ( A'lN (WA I UA) + A'lN (WZ I UZ)) * 57.29578 
3120 PRINI' 
3130 PRINT "lOAD :Jil.a'S PER PHASE {KW, KVAR,KVA)" 
3140 PRINI' "PA = ": INr 
3150 PRINI' "01\. = " : INr 
3160 PRINI' "SA = ": INr 
3170 PRINI' "PZ = " : 1Nl' 
3180 PRINI' "QZ = " : INr 
3190 PRINI' "SZ = ": 1Nl' 
3200 PRINI' 
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(3 * PA * 0.1 + 0.5) 
(3 * 01\. * 0.1 + 0.5) 
(3 * SA* 0.1 + 0.5) 
(3 * PZ * 0.1 + 0.5) 
(3 * QZ * 0.1 + 0.5) 
(3 * sz * 0.1 + 0.5) 
I ·loo:" KW" 
I lOO:" KVAR" 
I lOO:" KVA": PRINI' 
I 1oo:" KW'' 
I 100:" KVAR" 
I 100:" KVA" 
3210 PRINI' "REAL aJRRENl' PER PHASE = ": INT (lP * 100 + 0.5) I 100:" liM 
PS": PRINl' "WAD CURRENl' PER PHASE = ": mr (IQ * 100 + o.5) 1 lOO: 
•• AMPS" 
3220 PRINr '"rorAL aJRRENl' PER PHASE = ": mr (IS * 100 + o.5) 1 lOO:" AM 
PS" 
3230 PRINI' '"rarAL J?OWER I.DSS = ": mr (3 * w * 0.1 + o.5) 1 lOO: 
" KW'': PRINI' "PERCENI' TRANSMISSN.IDSS = ": INr ((lOO - TE) * 100 + 0 
.5) I lOO:" %" 
3240 PRINI' '"IRANSMISSICN EFFICIENCY = ": mr (TE * 100 + o. 5 > 1 lOO:" %" 
3250 IF UA = 0 OR UZ = 0 'IHEN 001'0 3300 
3260 PRINI' "TRANSMISSICN ANGLE (A-Z)= ": mr (TA * 100 + 0.5) 1 lOO:" DE 
GS.'' 
3270 PRINI' "I?OWER FTCl'OR M END A = ": 
(IQ I lP)) * 1000 + 0.5) I 1000 
3280 PRINI' "I?OWER FTCl'OR M END Z = " : 
(IQ I lP)) * 1000 + 0.5) I 1000 
PRINI' 
mr ( <m ( KIN (WA 1 UA) - KIN 
mr ( <m ( KIN (wz 1 uz) - KIN 
PRINI' " 
001'0 6000. 
END OF ~R cn1PlJI'ATICN" 
3290 
3300 
3400 
3450 
3470 
3500 
3510 
REl-1 SJBROOTINE 1: ~R Dl'.TA INlVl' 
PRINI' 
PRINI' "ENI'ER PARM£TERS OF INl'ERO:tlNEC'IR" : PRINI' 
INPUl' "RC (OHM/I<M) = ":RC: INPUl' "XC (OHM/I<M) = ":XC: INPUl' "IC 
(KM) = ":IC: PRINI' 
3520 RL = RC * IC:XL = XC * IC:ZL = SQR (RL * RL + XL * XL) 
3540 INPUl' "IS ONE END OF IN1'ERCONNEX!l'R FED FROM A SEPARATE SOURCE (SS) 
OR ARE IDl'H ENDS ~ '10 :ANY 'I\'0 BUSES OF DISTRIBUI'OR (BB) (TY 
PE SS OR BB) ":L$ 
3550 PRINI' 
3560 IF L$ = "SS" 'IHEN INIVl' "REAL PARI' OF roJRCE LINE VOLTJ\GE FEEDING 
END 1 = ":Ul 
3570 PRINI' 
3580 IF L$ = "SS" '!HEN INruT "QUAD PARI' OF roJRCE LINE VOLTAGE FEEDING 
END 1 = ":U2 
3585 PRINI' 
3590 IF L$ = "SS" '!HEN UR = Ul I SQR (3) :UQ = U2 I SQR (3) 
3600 IF L$ = "SS" 'IHEN INPUl' "END 2 TERMINATES CN BUS NO. = ":E 
3620 IF L$ = "BB" '!HEN INIVl' "END 1 TERMINATES CN BUS N:). = ":G 
3630 PRINr 
3640 IF L$ = "BB" '!HEN INIUI' "END 2 TERMINATES CN BUS N:>. = ":H 
3670 REM SUBROUI'INES FOR RING WITH ~R(S) INCWDED 
3680 IF L$ = "SS" '!HEN <DSUB 3760 
3700 IF L$ = "BB" 'IHEN <DSUB 4700 
3750 RE'IURN 
3760 REl-1 SJBROOTINE:cn1PlJI'MICN FOR RING HAVING AN ~R WITH 
CNE END FED FROM A SEPARATE SOUBCE 
3765 FOR K = 1 '10 N - 2 
3778 IF IL(K) < > 0 'IHEN OO(K) = lOOOOO:ID(K) = 100000 
3780 NEJa' K 
3785 FOR K = 1 '10 N - 2 
3788 IF PL(K) < > 0 'IHEN OO(K) = lOOOOO:ID(K) = 100000 
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3790 NElCl' K 
3795 FOR K = 1 m N - 2 
3800 IF ZL(K) < > 0 'lllEN OO(K) = ZL(K) * F(K) :ID( K) = - S(K) * ZL(K) * 
SN(K) 
3805 NElCl' K 
3810 FOR K = 1 m E - 1 
3820 RA(1) = RS(1):XA(1) = XS(1) 
3830 RV(K) = RA(K) * RO(K) - XA(K) * ID(K) 
3840 XV(K) = RA(K) * XO(K) + RO(K) * XA(K) 
3850 RD(K) = RA(K) + RO(K) :XD(K) = XA(K) + ID(K) 
3860 ZD(K) = SQR (RD(K) * RD(K) + XD(K) * XD(K)) 
3870 RB(K) = (RV(K) * RD(K) + XV(K) * XD(K)) I (ZD(K) * ZD(K)) 
3880 XB(K) = (XV(K) * RD(K) - RV(K) * XD(K)) I (ZD(K) * ZD(K)) 
3900 RA(K + 1) = RB(K) + RS(K + 1) 
3910 XA(K + 1) = XB(K) + XS(K + 1) 
3920 NElCl' K 
3940 RV(E) = O:XV(E) = 0 
3960 RV(E) = RS(N - 1) * RO(N - 2) - XS(N - 1) * ID(N - 2) 
3970 XV(E) = RS(N - 1) * XO(N - 2) + RO(N - 2) * XS(N - 1) 
3980 RD(E) = RS(N- 1) + OO(N- 2):XD(E)·= XS(N + XO(N- 2) 
3990 ZD(E) = SQR (RD(E) * RD(E) + XD(E) * XD(E)) 
4000 RB(E) = (RV(E) * RD(E) + XV(E) * XD(E)) I (ZD(E) * ZD(E)) 
4010 XB(E) = (XV(E) * RD(E) - RV(E) * XD(E)) I (ZD(E) * ZD(E)) 
4040 FORK=1mN-E-2 
4060 RA(E + K) = RB(E + K - 1) + RS(N - K - 1) 
4070 XA(E + K) = XB(E + K - 1) + XS(N - K - 1) 
4080 RV(E + K) = RA(E + K) * RO(N - K - 2) - XA(E + K) * XO(N '- K - 2) 
4090 XV(E + K) = RA(E + K) * ID(N - K - 2) + R:l(N - K - 2) * XA(E + K) 
4100 RD(E + K) = RA(E + K) + RO(N - K - 2) 
4110 XD(E + K) = XA(E + K) + ID(N - K - 2) 
4120 ZD(E + K) = SQR (RD(E + K) * RD(E + K) + XD(E + K) * XD(E + K)) 
4130 RB(E + K) = (RV(E + K) * RD(E + K) + XV(E + K) * XD(E + K)) I (ZD(E + 
K) * ZD(E + K)) . 
4140 XB(E + K) = (XV(E + K) * RD(E + K) - RV(E + K) * XD(E + K)) I (ZD(E + 
K) * ZD(E + K)) 
4160 NElCl' K 
4180 REM PARALLEL CXM!INATICN OF I.HS 1\ND RHS SOCI'ICNS 
4200 RV = RA(E) * RB(N - 2) - XA(E) * XB(N - 2) 
4210 XV = RA(E) * XB(N - 2) + XA(E) * RB(N - 2) 
4220 RD = RA(E) + RB(N - 2) 
4230 XD = XA(E) + XB(N - 2) 
4240 ZD = SQR (RD * RD + XD * XD) 
4250 RB = (RV * RD + XV * XD) I (ZD * ZD) 
4260 XB = (XV * RD - RV * XD) I (ZD * ZD) 
4270 ZB. = SQR (RB * RB + XB * XB) 
4300 RR = RB + RL:XX = XB + XL:ZZ = SQR (RR * RR + XX * XX) 
4330 RE'IURN. 
4700 REM <XlMI?UTATIOO FOR RING WI1H INTERNAL lNI'ERCCNNEX:'IR LINKING 1>N'f 
'lW> BUSES:CALCUIATICN OF R.1HEV 
4780 R1 = O:Xl = 0 
4800 FOR K = 1 m G 
4820 Rl = R1 + RS(K) :Xl = Xl + XS(K) 
4840 NElCl' K 
4850 R2 = O:X2 = 0 
4860 FORK=G+1mH 
4880 R2 = R2 + RS(K) :X2 = X2 + XS(K) 
4900 NElCl' K 
4910 R3 = O:X3 = 0 
4920 FOR K = H + 1 m N - 1 
4940 R3 = R3 + RS(K) :X3 = X3 + XS(K) 
4950 NElCl' K 
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4960 R4 = Rl + R3:X4 = Xl + X3 
4980 R5 = R2 * R4 - X2 * X4:X5 = R2 * X4 + R4. *· X2 
5000 R6 = R2 + R4:X6 = X2 + X4 
5020 Z6 = SQR (R6 * R6 + X6 * X6) 
5040 R7 = (R5 * R6 + X5 * X6) I (Z6 * Z6) 
5060 X7 = (XS * R6 - R5 * X6) I (Z6 * Z6) 
5080 RFl-1 :SUM OF Z(THEV .RING) l'ND Z(INI') 
5100 Z7 = SQR (R7 * R7 + X7 * X7) 
5120 R8 = R7 + RL:XB = X7 + XL 
5140 Z8 = SQR (R8 * R8 + X8 * XB) 
5600 RE'IURN 
5700 RFl-1 :SUBRCUI'INE FOR IN'I'ERl:X:NNECR lOAD FI..J:IN 
5710 PC = O:QC = 0 
5720 IF L$ = "BB" AND V( G) > = V(H) '!HEN PC = VX(G). * ex + VY(G) * CY:Q 
C = VY(G) * ex - VX(G) * CY:SC = SQR (PC * PC + 0C * OC) 
5740 IF L$ = "BB" AND V(G) < = V(H) '!HEN PC = VX(H) * ex + VY(H) * CY:Q 
* PC+ QC* QC) 
5750 PX = O:OX = 0 
5760 IF L$ = "BB" '!HEN PX = IC * IC * RL:OX = IC * IC * XL:PD = PC - PX: 
QD = 0C - OX:SD = SQR (PO * PD + QD * QD) 
5770 PG = O:QJ = 0 
5800 IF L$ = "SS" '!HEN PJ = UR * ex + UQ * CY:OJ = UQ * ex - UR * CY:SJ = 
SQR (PG * PG + OJ * OJ) 
5820 IF L$ = "SS" '!HEN PX = IC * IC * RL:OX = IC * IC * XL:PK = PG - PX: 
a< = OJ - OX:SK = SQR (PK * PK + <l< * QK) 
5830 RE'IURN 
5840 RFl-1 :SUBRaJTINE FOR PRINTOOT OF ~R PCMER FlDW> AND THEV 
ENIN IUJIVALENI' CIRClJIT PARAt-ETERS OF DISTRIBUIDR 
5850 PRINI' : PRINI' " IN'l'ERCCNNECTOR PERFORMANCE" 
5860 IF L$ = "SS" '!HEN PRINI' "PII = ": INl' (3 * PJ * 0.1 + 0.5) I lOO:" 
KW": PRINI' "QII = ": INl' (3 * OJ * 0.1 + 0.5) I lOO:" KVAR": PRINI' 
"SII = ": INl' (3 * SJ * 0.1 + 0.5) I 100:" KW\." 
5870 PRINI' 
5880 IF L$ = "SS" '!HEN PRINl' "PIO = ": INl' (3 * PK * 0.1 + 0.5) I lOO:" 
KW'': PRINI' "QIO = ": INl' (3 *a<* 0.1 + 0.5) I 100:" KVAR": PRINI' 
"SIO = ": INl' (3 * SK * 0.1 + 0.5) I 100:" KW\." 
5890 IF L$ = "BB" '!HEN PRINI' "PII = ": INl' (3 *PC* 0.1 + 0.5) I 100:" 
KW": PRINI' "QII = ": INl' (3 * oc * 0.1 + 0.5) I lOO:" KVAR": PRINI' 
"SII = ": INI' < 3 * se * 0.1 + o. 5 > 1 1oo:" "KW\." 
5900 PRINI' 
5910 IF L$ = "BB" '!HEN PRINI' "PIO = ": INl' (3 * PD * 0.1 + 0.5) I lOO:" 
KW'': PRINI' "QIO = ": INl' (3 * QD * 0.1 + 0.5) I lOO:" KVAR": PRINI' 
"SIO = ": INI' ( 3 * SD * 0.1 + 0.5) I lOO:" KW\." 
5920 PRINI' : "PRINI' '"IHEV.EOUIV.CIRaJIT PARA.!oEI'ERS OF DISTRIBUI'OR" 
5930 IF L$ = "SS" '!HEN PRINI' "Er=": INT (TE * SQR (3) * 10 + 0.5) I 
10: PRINI'."EP = ": INl' (TP * SQR (3) * 10 + 0.5) I 10: PRINI' "EO= 
":IN!' (TQ * SQR (3) * 10 + 0.5) I 10 
5935 PRINI' 
5940 IF L$ = "SS" '!HEN PRINI' "RT = ": INT (R8 * 1000 + 0.5) I 1000: PRINI' 
"xr = ": INI' (xa * 1000 + 0.5) 1 10oo: PRINr "zr = ": INI' (ZB * 1000 
+ o.5) I 1000 
5945 PRINI' : PRINI' 
5950 IF L$ = "BB" '!HEN PRINI' "RT = ": INl' (R7 * 1000 + 0.5) I 1000: PRINI' 
"xr = ": INr (X7 * 1000 + o.5) 1 1000: PRINr "zr = ": INr (Z7 * 1000 
+ o.5) I 1000 
5955 PRINI' : PRINI' 
5960· RE'IURN 
5980 PRINI' : PRINI' 
5990 PRINI' "END OF W1PIJI'ATICN (GIND3:3PHASE)" 
6000 END 
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APPENDIX A. 5 
COMPUI'ER PROGRAMME (FA!JLT) EQR FAULT LEVEL ANAL"YSIS 
100 PRINT "F7'JJLT LEVEL CAICUIATIQS" 
105 PRINT " (JAA 10.3.86) ": PRINT 
110 PRINT "***** FA!JLT *****" : PRINT 
120 PRINT· : PRINT "BIISIS Et>R CAL<llLATICN'': PRINT 
130 PRINT "l.PER UNIT VALUES ARE USED" 
140 PRINT "2.A BI\SE OF 100 MVA IS AOOPTED" 
150 PRINT "3.Xl. •• :XO ARE ro REI\CTANCES OF GENERATOR/TRANSEQRMER SEI'S" 
160 PRINT "4.:XO IS REI\CTANCE OF NO.l STATIOO TRANSEt>R!>ER" 
170 PRINT "5.:la' IS REI\CTANCE OF 00.2 STATIOO TRAN5roRMER" 
180 PRINl' "6.XI IS RE'J\CI'l\NCE OF A-B STATION :lNI'ERCCNNECTO" 
190 PRINT "7.XU IS EOUIVALENl' RE'J\CI'ANCE OF ~'A'STATIOO" 
200 PRINl' "8.XR IS RE'J\CI'ANCE OF LINK B2-B3. (90 MVA REl\Cl'OR) .IF XR IS UNK 
00\'N Wl' IS REQUIRED roT XR=O IN Dlcr'A BELOW'' 
300 PRINl' : PRINT "MI\XIKJM ALLOWABLE F7\IJLT lEVELS AT POINTS A1B1D1R1S AR 
E RESPECI'IVELY 250 I 500 I 5001 1000 1\ND 1500 MVA" 
400 PRINl' : PRINT "mTA INPUl"' 
410 INroT "Xl (1.6000) = :Xl 
420 INroT "X2 ( 1.6000) = :X2 
430 INroT "X3 (0. 7920) = :X3 
440 INroT "X4 (0. 7920) = :X4 
450 INroT "XS (0.5980) = :XS 
460 INroT "X6 (0.5980) = :X6 
470 INroT "X7 (0.5980) = :X1 
480 INroT "XB (0.4238) = :X8 
490 INroT "X9 (0.4238) = ':X9 
500 INroT ":XO (0. 7120) = "::XO 
510 INroT "XI' (0.5330) = ":XI' 
520 INPUl' "XU (0.4280) = ":XU 
600 INroT "XI (0.2400) = ":XI 
640 INroT "XR (0.0880) = ":XR 
700 XA = XI' +XI + XU:XS = 1 I (1 I Xl + 1 I X2) :XC = 1 I (1 I X3 + 1 I X 
4 + 1 I X9):XD = 1 I (1 I X5 + 1 I X6 + 1 I X7 + 1 I X8):XE = 1 I (1 
I XA + 1 I XD) :XK = XB + :XO::XS = 1 I (1 I XK + 1 I XC) 
710 IF XR = 0 'lliEN OOSUB 2000 
715 IF XR = 0 'lliEN 4000 
720 XM = XE + XR:XP = :XS + XR 
730 XX = 1 I (1 I xs + 1 I XM) :XY = 1 I (1 I XP + 1 I XE) 
740 XH = 1 1 (1 1 xc + 1 1 m) :XJ = :xo + XH:XW = 1 I (1 I xa + 1 I XJ) 
750 XQ = 1 I (1 I 1 I XP + 1 I XD):XN = XQ + Xl':XV = xu + XI:XZ = 1 I (1 I 
XN + 1 I XV) 
760 XG = XN + XI :XF = 1 I ( 1 I XG + 1 I XU) 
770 SB = 100 
780 F7\. = SB I XF:FB = SB I XW:ID = SB I XZ:FR = SB I XY:FS = SB I XX 
800 PRINl' : PRINl' "FAULT LEVELS ARE": PRINT 
820 PRINl' "FMJLT LEVEL AT A=": INT (FA* 100 + 0.5) I 100:" MVA" 
830 PRINl' "FAULT LEVEL AT B = .. : INl' (FB * 100 + 0.5) I lOO:" MVA" 
840 PRINl' "ENJLT LEVEL AT D = ": INT (ID * 100 + 0.5) I lOO:" MVA" 
850 PRINl' "FAULT LEVEL AT R = ": INT (FR * 100 + 0.5) I 100:" MVA" 
860 PRINl' "F7'JJLT LEVEL AT s = ": INT (FS * 100 + o. 5) I 100:" MVA" 
870 PRim' : mt>tJl' "WANr 'fO CDMPIJrE FAULT lEVElS WITH LINK Bl-A NDED?(YI 
N)":F$ 
875 PRINl' 
880 IF F$ = "Y'' THEN <nSUB 2500 
900 roro 4000 
2000 PRim' : PRim' "MINifolJM VALU!'! OF XR" 
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2010 PRINI' 
2020 INJ?UT "ENI'ER PERMISSIBlE mJLT LEVEL Nr S ( 1000 MJA IS MAX) = ";MS 
2040 INJ?UT "ENI'ER PERMISSIBLE mJLT LEVEL AT R (1500 MJA IS MAX) = ";J.IR 
2060 AR = 1 I (MS I 100 - 1 I XS) - XE 
2080 BR = 1 I (J.IR I 100 - 1 I XE) - :xs 
2100 IF BR > AR '!HEN XR = BR 
2200 IF AR > BR '!HEN XR = AR 
2220 PRINI' : PRINI' "XR = "; 1Nl' (XR * 100 + o.5) 1 lOO;" ru" 
2240 RE'lURN 
2500 REM :a:MVI'NriCN FOR LINK Bl-A 
2510 INJ?UT "RI REI\Cl'ANCE OF LINK Bl-A = ";XL 
2520 Zl = XB +ID + XC:XO = XT + XI:Z2 = XD + XO + XU:Al = XB * XC I Zl:A 
2 = XB * ID I Zl:A3 = XC * ID I Zl:A4 = XD * xu I Z2:A5 = XD * xo I 
Z2:A6 = xo * xu I Z2 
2560 A7 = A2 + XL + A6 
2600 Z3 = Al + A4 + A7:AB = Al * A4 I Z3:A9 = Al * A7 I Z3:BO = A4 * A7 I 
Z3 
2620 Bl = A3 + A9 + XR:B2 = BO + A5:B3 = 1 I (1 I Bl + 1 I B2) :B4 = AB + 
B3 
2640 Fl = 100 I B4 
2660 B5 = A3 + A9:B6 = XR + A5 + BO:B7 = 1 I (1 I B5 + 1 I B6) :BB= AB + 
B7 
2680 F2 = 100 I sa 
2800 Z4 = XC + XR + XD:B9 = XC * XD I Z4:CO = XC * XR I Z4:Cl = XR * XD I 
Z4:C2 = ID + CO:C3 = Cl + XO 
3000 Z5 = (B9 * C2 + C2 * C3 + B9 * C3):C4 = Z5 I B9:C5 = Z5 I C2:C6 = Z5 
I C3 
3200 C7 = 1 I (1 I XB + l I C6):C8 = l I (l I xu + l I C5):C9 = l I (l I 
C7 + l I CS) 
3250 Dl = l I (l I C4 + 1 I 1 I XL):D2 = C7 + D1:D3 = 1 I (1 I D2 + 1 I c 
S):D4 = D1 + CS:D5 = 1 I (l I D4 + l I C7) 
3280 F3 = 100 I D3:F4 = 100 I D5 
3300 PRINI' "FNJLT LEVEL Nr A WI'IH LINK B1-A INCLUDED = "; 1Nl' (F3 * 100 
+ o.5) I 1oo:" MJA" 
3320 PRINI' ''mJLT LEVEL Nr B WI'IH LINK Bl-A INal.JDED ·= "; INI' (F4 * 100 + 
o.5) I wo:" MW." 
3600 PRINI' 
3680 PRINI' 
3700 TA = SB I 250:CA = 1 I (l I TA - 1 I CS) :PA = CA - C7:I.A = 1 I (1 I 
PA - 1 I C4) 
3800 'IB = SB I 500:CB = 1 I (l/ 'IB - 1 I C7) :PB = CB - CS:LB = 1 I (1 I 
. PB- 1 I C4) 
3840 PRINI' "REI\Cl'ANCE OF LINK Bl-A TO LIMIT FAULT Nr A TO 250 MJA = "; INI' 
(IA * lOO + 0.5) I lOO;" PU'' 
3850 PRINI' 
3860 PRINI' "REI\Cl'ANCE OF LINK Bl-A TO LIMIT FAULT Nr B TO 500 MJA = "; 1Nl' 
(lil * lOO + 0.5) I lOO;"PU'' 
3865 PRINI' 
3S70 INJ?UT "WI\NT TO REPEAT CALCUIATICN FOR J\NOl'HER VALUE OF Bl-A RE'J\CI2'IN 
CE ? (YSIID) ";R$ 
3875 PRINI' : PRINI' 
3880 IF R$ = "YS" '!HEN 001'0 2500 
3980 RE'lURN 
4000· END 
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APPENDIX A6 
THE EFFECT ON FAULT LEVELS CAUSED BY THE INSERTION OF AN INTERCONNECTOR 
BETWEEN BUSBAR Bl AND BUSBAR A 
The analysis of fault levels on the Marsa Power Station Busbars at 
nodes A, B, D, R and S carried out in Section 4.4.2 is here extended to 
study the effects on fault levels at the above nodes caused by the 
insertion of an 11.5 kV interconnector (reactor) between Busbar Bl 
(Node B) and Busbar A (Node A) • All parameter values are expressed in 
per unit adopting a base of lOO MVA. It is assumed that the impedance 
of the interconnector is ~· The objective is to calculate the fault 
levels at A, B, D, R and s with the interconnector (Link Bl-A) included 
and in turn to find suitable values of XL which will limit fault levels 
within the short circuit MVA capacity of the respective protective 
switchgear. 
a) Fault Level at Node R (Busbar B3) and NodeS( (Busbar B2) 
Referring to Fig. 4.15 and the analysis carried out in Section 4.4.2 
and using delta-star transformation 
XABC = (XB + XO + XC) 
~EF = (XD + (XT + XI) +XU) 
Xll = XB*XC/XABC 
Xl2 = XB*XO/XABC 
Xl3 = XO*XC/XABC 
Xl4 = XD*XU/XoEF 
Xl5 = XD * (XT + XI) /~EF 
Xl6 = (XT+XI) * XU/XDEF 
Now assuming worst case, that the impedance of Link Bl-A is negligibly 
small, that is XL = o, then 
Xl7 = Xl2 + XL + Xl6 = Xl2 + Xl6 
By delta-star transformation 
XGHI = Xll + Xl7 + Kl4 
Xl8 = Xll*Xl4/XGHI 
Xl9 = Xll *Xl 7 /XGHI 
X20 = Xl4*Xl7/XGHI 
X21 = Xl3 + Xl3 +XR 
X22 = X20 + Xl5 
X23 = l/(l/X21 + l/X22) 
X24 = Xl8 t· X23 
Then Fault Level at R = FRL = SB/X24 = 100/X24 = 100/0.0838 
Let X25 = Xl3 + Xl9 
X26 = XR + Xl5 + X20 
X27 = l/(l/X25 + l/X26) 
X28 = Xl8 + X27 
1194 MVA 
Then Fault Level at S ~ FSL = SB/X27 = l00/X27 = 100/0.0955 = 1047 MVA 
It is noted that the fault level at s is slightly above allowable limits 
(1000 MVA) but the calculation was carried out with all generators at A 
Station in service. With the shut down of generation at A the above level 
is reduced to 1002 MVA. 
b) Fault Level at Node A (Bus A) and Node B(Bus Bl) 
Referring to Fig. .4 .15 and the analysis carried out in Section 4. 4. 2, 
and applying the delta-star transformation gives 
XJKL = XC + XR + XD 
X29 = XC*XD/XJKL 
X30 = XC*XR/XJKL 
X31 = XR*XD/XJKL 
X32 = liO + X30 
X33 = X21 + (XI + XT) 
Applying the star-dalta transformation to further simplify the 
circuit 
X MND = (X29*X32 + X32*X33 + X29*X33) 
X34 = XMN0/X29 
X35 = XMNO/X32 
X32 = XMN0/X33 
X37 = 1/(1/XB + l/X36) 
X38 = 1/(l/XU + l/X35) 
X39 = l/(l/X37 + l/X38) 
Assuming that the impedance of Link Bl-A is negligible (XL = 0) then 
nodes A and B would be brought to the same potential, and the fault 
levels at both nodes A and B will be equal Substituting parametric 
values (or using the computer programme FAULT) then 
Fault level on Bus A = FAB = SA/X39 = l00/0.17262 = 579.3 MVA 
Fault level on Bus Bl = FAB = SB/X39 = 100/0.17262 = 579.3 MVA 
From the above calculations it is evident that with the impedance 
of Link Bl-A being negligible, the fault level at nodes A and B will 
exceed the allowable limits (250 MVA at A'and 500 MVA at Bl). Hence the 
problem reduces to finding a suitable value of XL which would limit the 
fault level at node A and B to acceptable values. 
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The above calculations were carried out assuming worst case con-
ditions, that is with ~ = 0 and with all installed generating plant at 
'A' Station in service (equivalent impedance of 'A' Station with all gen-
erators in service being XU = 0.428 pu). However it must be borne in mind 
that the reason for proposing the introduction of the 11.5 kV, 10 MVA, Link 
Bl-A was to make up for the shortfall of power on Bus A resulting from the 
expected complete shut down of the 'A' Station generating plant near the 
end of the Long Term period. Hence with the 'A' generating plant shut 
down a power transfer of about 10 MVA from Busbar Bl and Busbar A over 
link Bl-A would become available. Also with all generating plant at 'A' 
shut down (open-circuited) the equivalent impedance XU becomes infinite, 
and this will be so assumed in the calculations that follow below. 
Considering first node B (the less critical case), if the fault level 
at node B (Bus Bl) is to be limited to 500 MVA then substituting the 
known data 
Minimum allowable circuit impedance = XBT = 100 MVA/500 MVA = 0.2 pu 
The equivalent circuit impedance XBT to the fault at node A with link 
Bl-A (impedance XLB) included can also be obtained by extending the above 
analysis, so that 
XPB = 1/(1/XLB + l/X34) 
XCB = XPB + X38 where X38 = l/(l/X35 + 1/XU) 
XBT = 1/(1/XCB + l/X37) 
With the 'A' generating plant shut down (XU having infinite impedance) 
and assuming that the impedance of link Bl-A is negligible (XLB=O) then 
substituting the parametric values in the above equations (or using the 
computer programme FAULT) gives 
XPB = 0 1 XCB = X35 and XBT = lAl/0.9345 + l/0.419) = 0.2893 pu 
Hence fault level at B = SB/XBT =lOO MVA/0.2893 = 345.7 MVA 
This implies that the fault level at B will remain below the allowable 
500 MVA limit even if the impedance of Link Bl-A were to be zero, and 
thus the fault level situation at node B is considered satisfactory. 
Extending the analysis to node A then if the fault level at node A 
is to be limited to 250 MVA 
Minimum allowable circuit impedance XAT = lOO MVA/250 MVA = 0.4 pu 
The equivalent circuit impedance XAT to the fault at node A with link 
Bl-A (impedance XLA) included can be similarly obtained by extending the 
above analysis, so that 
XPA 1/(1/XLA + l/X34) 
XCA = XPA + X37 
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XBA = 1/(1/XCA + l/X38) where X38 = l/(l/X35 + 1/XU) 
With the 'A' generating plant shut down (XU having·infinite impedence) 
and assuming that the impedance of link Bl-A is negligible (XLA=O) then 
substituting the parametric values in the above equations (or using the 
computer programme FAULT) gives 
XPA = O, XCA = X37 and XAT = l/(l/0.419 + l/0.9345) = 0.2893 pu 
Hence fault level at node A lOO MVA/0.2893 = 345.7 MVA 
With impedance of link Bl-A at zero the two nodes A and B are 
brought together at the same potential and hence the fault level will 
be the same for both nodes. The above result also implies that with 
link Bl-A impedance being negligible the fault level at node A exceeds 
the allowable value and the problem reduces to finding a value of link 
impedance to limit fault level to 250 MVA. 
equations gives 
XCA = 1/ ( 1/XAT - l/X38) 
XPA = (XCA - X37) 
XLA = 1/(1/XPA- l/X34) 
Rearranging the above 
Substituting the parametric values (or using programme FAULT) gives 
XCA = 1/(1/0.4 - 1/0.9346) = 0.6994 
XPA = 0.6994 - 0.4190) = 0.2804 
XLA = 1/(1/0.2804 - 1/10.875) = 0.2877 pu = 0.38 ohm 
Hence required impedance of link Bl-A to limit fault level at both nodes 
A and B (Busbars A and Bl) within allowable values is 0.38 ohm. 
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APPENDIX A. 7 
CXlMPUl'ER PRI:lGR1IMl-E (REGAN) FOR REX>RESSION ANM.YSIS 
80 PRINI' : PRINI' : PRINI' 
lOO PRINI' "**** REGAN ****" 
120 PRINI' "** JAA ** 612186 **" 
130 PRINI' 
140 PRINI' "I.QI\D DEMAND PREDICriCN USING" 
160 PRINI' " LINEAR REX>RESSION ANM.YSIS " 
180 PRINI' : PRINI' 
200. INPUl' "NUMBER OF YEARS = ":N 
210 PRINI' 
220 DIM N(N) ,P(N) ,T(N) ,PD(N) ,DL(N) 
240 FORK=lTON 
250 INPUl' "Y=" :T(K) 
260 INPUl' "P=" :P(K) 
280 NEla' K 
300 FORK=lTON 
340 X = X + T(K) :Y = Y + P(K) 
360 XX = XX + (T(K) * T(K)) :Y'i = Y'i + (P(K) * P(K)) :XY = XY + (T(K) * P(K 
)) 
380 NEla' K 
420 M = (N * XY - X * Y) I (N * XX - X * X) 
440 c = (Y - M * X) I N 
450 FOR K = 1 TO N 
460 PD(K) = C +M* T(K):DL(K) = P(K) - PD(K) 
470 NEla' K 
480 u = XY - (X * y I N) 
500 D = SQR ((XX - X * X I N) * (Y'i - y * y I N)) 
520 R = u I D 
540 PRINI' 
600 PRINT 11 P11 1 "Pl11 1 11DV" 
610 PRINI' 
620 FOR K = 1 TO N 
640 PRINr 1Nl' (P(K) * 100 + 0.5) I 100, 1Nl' (PD(K) * 100 + 0.5) I 100, 1Nl' 
(DL(K) * 1000 + 0.5) I 1000 
660 NEla' K 
670 PRINI' : PRINI' 
680 PRINI' "SLOPE (M) = ":M 
690 M = INT (M * 1000 + 0.5) I lOOO:C = 1Nl' (C * 1000 + 0.5) I lOOO:R = 
1Nl' (R * 10000 + 0.5) I 10000 
700 PRINI' "INTERCEPT (C) = ":C 
720 PRINI' "CXlRRErN.CXlEFr. (R) = ":R 
740 PRINI' "LINE EOUATICN: Pl = ":M: "Y'' :C 
750 PRINI' : PRINI' : PRINI' "LOAD DEMI\ND PREDicriCN" 
755 PRINI' "- " 
760 PRINI' "YEAR", "DEMAND" 
770--IDR K = 1 TO 5 
780 PRINI' T(N) + K, 1Nl' ((M * (T(N) + K) + C) * 100 + 0.5) I lOO 
790 NEla' K 
800 PRINI' : PRINI' "**********************" 
1'11~ 1'17!1 
A. POPULATION AND l.ABOUR 
M>~lh.:~ pttpulalit~n .. .................... .. .... 21/lt'AIJ JIIJ21'1J 
Lahuur ~uppl)· .......................... ' ..... IIIH.YSI 11.:!,70K 
Gainful!)· lk:cupii.'J ............................ 10:!..110 1117.MI.& 
Un!!mplu)·mcnl(l) ............................ fi.2MS 4,%1 
Emp!u)·mcnl in manufaclurin¥ .... 
""""'"'" 
2S,JlS 21'1.1170 
B. NATIONAL INCOME AND 
EXPENDITURE (lm milli\m) 
(at 'urr..:nt markr:t prk..:~>) 
GNP ........................................ 144.1 184.11 
P..:r!W.mal 'un~>umptiun .......................... 1117.0 lltl.7 
a~l\..:rnm..:nt 'urr..:nl..:lipcmJitun: ................ 2fi.Y 30.5 
Gtu~o• in\..:~oln~nt .............................. .1~.7 39.0 
c. PRODUCTION 
GDP at t'a,hn..:\l~~ol tlm million) . . . . . . . . . . . . . . . . . JJK.6 152.Y 
ti) MANUFACfURINQ tlm milliun) 
Gm,.,, ''utput .... ............................. 114.6 ltU . .S 
AJJ..:J \alu..: ........ .. ........................ .!7.5 .lY.I 
E~pUrt!r> ...................................... 4U.h 43 .. 1 
(ii) TOURISM 
Numh.:r ,,( arri\ a h. l72.:Hfl .l.l4,51Y Grt~» in .. ·um..: fwm ;,;~;i~~· (l.~ ~i'lii~~~·~·:::::::::: 2l .. l 2~.1 
D. BALANCE OF PAYMENTS (lm million) 
EX(l\lft~ u( ~1lti!J:o unJ s.:n i..:c:o ................. IIUA 1.17 .J 
lmptlfbdf L(U,kh anJ !W.!n·k..:~o ................... J.uc." 159.7 
R..:MIUr'!; ~ap ................................. -31!.11 -22.4 
N..:t im..:~tm..:nt j,;,lln1!; frum ;~bmaJ ............. 12.5 I!U 
Trarbi'.:P.o tn..:l) ................ ................ .\CI,h .2'1.~ 
llalan~o't.' un ..:urrcm a~o·c\lunt ..................... ~-1 .!5.1 
ln!:r..:a.,..• in f1UI!'i~11 :t~lo\!111 
"' 
nlllnCial) !W.!ctur 17.R ~1.7 
E. FOREIGN TRADE tlm million) 
Dnm .. ·stk ..:xrurb (f.u.t1.) ....................... 4~.ri 50.J 
R..:· .. 'Xp!lfts .... ............................ Y.ll 1.1.6 
lmpt'"" (c.i.l) ............................. ... IJY.O 144.4 
lnJu~otrio1l suppli..:~ ............ . . . . . . . . . . . . . . ~1.9 7K.tl 
Capital ~~11.1\J~o anJ 11th..: No . . . . . . . . . . ' . . . . . . . . . . 1~.11 IIJ.~ 
CtllhUm.:r ~uuJ~o ............................ 4~.1 41>.9 
a .. Jan~o'C d traJ..: ........................ ....... ...g7,4 4«1.~ 
F. MONEY AND BANKING tlm milli1m) 
Mun..:tar) as .... .:b: 
Curr..:nc)· in cir,ulatiun ... .................... 7Y.5 'Ill.; 
Tutal b:m~ J .. •J'I'n.ib ... . . . . . . . . . . . . . . . . . JA(IJS IM .. l 
Dum..:~tk !:r..:dit: 
N..:t daim~o 111\ pri\-011..: ant.l1•th..:r !11!!:111~ ......... ~5.9 53.1 
N..:t d01im~o tin g\•\..:rnm..:nt .... . .......... ..... 1::.9 12.Y 
Tllfal..:~t..:rnal r..:)l.'n·c~~o: 
Mtln..:tar) authuriti..:~ (~I ... .............. ..... l.l4.l ·· INJ.S 
Cumm .. ·r~·ial t1an~,. anJ uth..:r financial 
in~tituti,m~ tnctl ....... ................... 4.\.~ A~ . .! 
APPENDIX A.8 
MM..TESE ECXJNCMIC INDICATORS 
1'176 "n 
""' ""' 
P~lllt 
'"" '""' 
307 .SbJ ,\JJ.SMll .ll4.1.lS JIK.II,:\1 -~~U.Y.lM 322,'1'13 326.17~ 
ll!i.416 li'I,S>I 120.~ 122.135 l:!:!.l'i71 120,1141 1.20.343 
IIII.SUi 11-I,.U.S ll6,39H IIIUWI IIS.S.\2 115.1bl I JO,-Ill7 
·Ulll 5.057 4.1'16 3.~ .. 4.11.'\'} 5.6110 10.356 
27,'/S!I 31.341> J2JC7 34...., 3-C.ol7fl Jl.IJ2J 29.1>10 
.!!1.9 .:!SH.Y ~.fl 3311.7 <1)5 ~77.7 513.8 
JJ5.7 17!..1 IKbA .!tltdl .!S.\.~ 279.~ 305.7 
J~.Y 39.7 40.1 53.7 hJ.4 .. 7$.~ ~.2 $6.0 6!.3 115.1 ll.l.U 11<>.5 118.2 1~$.6 
UfJ.4 21Y.Y 2.51.3 ~).7 .W<.6 3111!.5 '17.7 
1.'14.5 lo.-l.2 1114.3 215.tl :.ut5 251.2 261.2 
53.7 6.1.2 7.4.3 I'IX.II llll.fl IOU HH.8 
7.4.1 '1'1.8 lt»U IJ2.M 1 ..... 0 1~7.8 I.U.5 
JJY,5.17 3fll.l!74 .cn.741 fiiK,JUI nH.7J2 7115.506 510.1156 
2K.7 .l.t.4 -IY.~ 7h.2 11 1.11 10$.~ 76.6 
172.7 2tl7..1 229.b ~I.M 3:<11.6 355.9 319.8 
IW!.fl ~~2.0 24Y.~ .ltt7 .7 378.11 392.$ 394.6 
-2.\.Y -J.H -IY.Y -10.'1 -.!1.4 -36.6 -7~.8 
uu IY.I lb.'} 1.1.11 JCI.fl '1.2 52.U 
.\2.3 .15.11 .\J.fl :~.7 IIJ.Y 35.0 30.8 
2h.h IY.~ .ltl.fl IK.I( .!Y.I 39.6 8.1 
~7.Y 31.7 .. Y .. l ~7 .7 .!~<U -Ill.~ 31.6 
llO.I 104.1 117.2 1.\h.N J41J.IJ 154.2 150.1 
17.J 1~.7 
'"· 7 
1~ . .1 17.7 19.5 19.0 
17Y.Y 217.7 2:1.5 ~72.11 .l.!J.7 323.3 325.1 
IJ5.~ 111.2 113.4 l:'i.!.l 1«4.5 190.8 1116.0 
21!.1 ,\0.2 29.1 .~.s 4U .. l .U.7 .U.I 
:.tl.b M .. l hY.O M I.~ W.ll 116.8 95.0 
..c.s -IJS.Y ....... -IIY.Y -1~7.11 -i~.6 -156.0 
---
.. 
IIIJ.fl JJ7.7 ls.I.Y 17b.~ 2Ub,tl 2.11J.I 2$9.6 
2tii.J 21 ... ~ ~4:!.Y ·~h?.h ~7.!.h 29'1.6 310.5 
5h.5 b11.5 fH.Y 'Ill. I ltJIJ.I 126.5 150.4 
2.!.1 !11-" ll.fl -2.fl -111.7 -16.7 -12.8 
2J7.tl 27UI .1::-1.11 J..U.7 371.8 -12 ... 5 ·~54.7 
~.M J7.3 ... l.h ;il.i ~I.X -lli.O ~9.-l 
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APPENDIX A.9 
A REVIEW OF THE LATEST SITUATION 
Since the commencement of this project in October 1983, Enemalta 
Corporation has invariably continued to implement various works programmes 
associated with development and expansion of the Electricity Supply System 
in all its three aspects of generation, transmission and distribution. 
This development has been necessitated by the continued increase in demand, 
For example the peak load recorded in January 1983 reached 127 MW (141 MVA) 
whilst accordin~ to the latest information it is understood that the peak 
load (1985/6) recorded in February 1986 attained 171 MW (190 MVA) reflect-
ing an average increase of 11.4% per annum since January 1983. For the 
intermediate years, the peaks recorded were 146.5 MW (153 MVA) in February 
1984 and 153 MW (170 MVA) in January 1985, 
In view of the above statistics it is worth while to compare 
the demands forecasted in Chapter 6 of this report with the actual values, 
for 1984/5 and 1985/6 (the Short Term) as is shown below, 
1984/5 
1985/6 
Actual 
(MVA) 
170 
190 
Forecasted (MVA) 
High Growth Medium Growth 
179 
197 
174 
186 
Low Growth 
172 
181 
A comparison of the above figures indicates that the actual peak 
values attained compare reasonably with those forecasted, The actual 
values also tend to confirm that the range of scenarios adopted is 
credible and that the greater importance given in the proposals to the 
high and medium growth scenarios appears to be justified. Although the 
economic situation in the island during these last few years could have 
been expected to lead to a low growth in electricity demand this has not 
proved to be so and the above figures in fact indicate that the demand 
during the years 1986 to 1988 may well follow the same growth pattern 
(typically 8% to 10% average annual growth) as forecasted in Chapter 6. 
Within the past five years good progress has been made t01·1ards 
increasing the generating capacity and reinforce the transmission and 
distribution network. During the 1983/4 peak (adopted as the base year 
in this work) the total generating capacity avai~able for operational use 
stood at 159.5 MW (177 MVA) whilst according to the latest information 
and at the time of writing this review (mid-June 1986) the useful gener-
ating capacity is expected to have been increased to 248 MW (276 MVA) on 
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the assumption that No.B 60 MW generator is being or is soon to be 
commissioned. However until this data no information has been available 
to confirm that No.B generator has been put in service. This also applies 
to the installation of the 33 kV, 90 MVA current limiting reactor between 
Busbars B2 and B3 at 'B' Station, and to the two 33 kV feeders between 
B Station and Mosta. The commissioning of these reinforcements should 
contribute significantly to the solution of the present problems such as 
lack of firm capacity and 33 kV feeder saturation, and it is urged that 
the works programme be accelerated as to ensure that these reinforcements 
be commissioned before the onset of the 1986/7 peak load. 

